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THE DIATOMS IN A -SMALL IOWA CREEK1 
Everett J. Fee 
Department of Botany and Plant Pathology 
Iowa State University 
Ames, Iowa 50010 
A BST RAC T. A t o t a 1 o f 2 7 g e n e r a a n d 2 1 8 d i a t o m t a x a 
were found in Dutch Creek, a small stream in eastern 
I ow a. Hi g h w a t e r w ith r e s u 1 t i n g t u r bi di t y w a s t h e m a j o r 
limiting factor to diatom populations during the warm 
months. In winter, drifting snow tended to cover the 
ice and few living diatoms were found in the stream 
when the ice was more than 10 cm thick. Algal growths 
and Simuliidae larvae appeared to compete for space on 
rocks in riffle areas during the spring. The stream 
lacked a true planktonic flora. 
INTRODUCTION 
Diatom populations in Iowa have been intensively studied in recent 
years (Drum 1963, 1964; Ohl 1964, 1965; Stoermer 1962, 1963). One of 
the ubiquitous habitats of the state, previously unstudied, is the small 
creek draining cropfields and pastures. These streams are generally 
short and many of them are dry during a large part of the year, provid-
ing a more dynamic environment than large rivers and lentic habitats. 
Very little work has been done on the composition of the diatom flora of 
this type of stream. This paper is the report of a study of the diatom 
populations of such a habitat. 
STUDY AREA 
The stream chosen for study was Dutch Creek, located in Jones County, 
Iowa (Fig. 1 ). The mouth of the stream, which empties into the Wapsi-
pinicon River, is located 1 km south of Anamosa, Iowa (T-84N, R-4W, 
Sec. 14, NE¾), The elevation at the mouth of the stream (Fig. 2) is 238 
meters. The mean annual rainfall is 83 . 5 cm. Air temperatures range 
from -33. 8°C to 41. 5°C, with an annual average of 8. 5°C (O'Neal and 
Devereux 192 8 ). 
The drainage basin of Dutch Creek has an area of 19, 4 sq. km. The 
main soil in this area is Clinton Silt Loam, a soil derived from loess 
(O'Neal and Devereux 1928). The portion of the stream above Wapsipini-
con State Park runs through open pastures and cornfields. The land is 
1 This work was supported in part by the U.S. Public Health SE>rvice, 
grant number WP 00221-05 and 06 (to Dr. John D. Dodd). 
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Figure 1. Map of Dutch Creek. Numbers represent the locations of 
collecting stations. Inset is a map of Iowa; outlined box repre• 
sents Jones County; blackened box represents area containing 
Dutch Creek. 
Figure 2. Station 1. Mouth of Dutch Creek. September 3, 1964. 
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Table I 
Collecting Stations 
1. Mouth of s tream. Water flows swiftly over bedrock before entering 
Wapsipinicon River (Fig. 2). Average width 5.0 meters, average depth 
5.05 cm. Bottom composed of bedrock with some silting along shores. 
Shores with weeds. T-84, R-4, Sec. 14, NE\. 
2. Small waterfal l formed by edge of road which stream flows over in 
park (Fig. 3). Width 8 .5 meters, depth 0 . 8 cm. Small pool below 
waterfall with sand bottom. Shore rocky. T-84 , R-4, Sec. 11, swt. 
3. Old dam in park. Water deep above and below dam. Bottom of pools 
mud; shores covered with dense weeds (Fig. 4). Average width at 
apex of dam 4.3 met ers, av. depth 6.3 cm. T-84, R-4, Sec. 14, NW\. 
4 . Slowly flowing por tion of stream immediately above park. Bottom 
composed of sand, shore heavily pastured. Average width 3.4 meters, 
av. depth 13.6 cm. T-84, R-4, Sec. 22, NW\. 
5. Small tributary stream running through a pasture. Bottom sand. 
Average width 0.63 meters, av. depth 2 cm. T-84, R-4, Sec. 22, SW\. 
6. Seepage area along small tributary stream. T-84, R-4, Sec. 22, SW\. 
7. Swiftly flowing portion of stream by a sand pit. Bottom composed of 
gravel and coarse sand. Shore covered with a shrubby growth of 
Salix sp. Average width 2.3 meters, av. depth 12.7 cm T-84, R-24, 
-~21, SW\. 
8. Riffle followed by a long pool. Bottom of pool mud. Shores heavily 
grazed. Average width of riffle area 1.12 meters, average depth 6.8 
cm.; av. width of pool area 1.83 meters, av. depth 19.3 cm. T-84, 
R-4, Sec. 20, SEt. 
9. Uppermost portion of stream. Very heavy vegetation along shores, 
predominantly grasses and pigweeds. Av. width 0.3 meters, av. depth 
4 cm. Bottom composed of mud and plant detritus. T-84, R-4, Sec. 20, 
SW\. 
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generally rolling with few rock outcrops. After entering the park the 
stream is shaded by the dense deciduous forest and flows through a val-
ley studded with rock outcrops. 
Dutch Creek arises from tile outlets and seepage areas along the 
stream. The stream is 8. 25 km long and has an average gradient of 5. 9 
meters / km. The gradient is steeper in the lower reaches (below station 
5). The banks are open and subject to small amounts of erosion in the 
farmed and pastured areas. In Wapsipinicon State Park the dense vege-
tation holds the soil and erosion is negligible. Emergent vegetation, 
predominantly Polygonum punctatum Ell., is present only in the slowly 
moving portions of the upper reaches. The bottom is mud and silt in the 
slow areas, the swifter reaches have bottoms composed of sand; gravel, 
and rocks. The normal summer volume of flow from the mouth is O. 1 
cubic meter per second. More detailed descriptions of the stream at the 
collecting stations are listed in Table 1. 
MATERIALS AND METHODS 
Diatoms were collected from the substratum with a large plastic pip-
ette. Rocks in swift water were scraped with the tip of the pipette while 
allowing it to suck in the dislodged materials. Although collections were 
made in all parts of the stream, the gre ater number were made at sta-
tions 1 (Fig. 2), 2 (Fig. 3), and 3 (Fig. 4). In order to obtain the greatest 
number of species an attempt was made to sample all the microhabitats 
at each station. All collections were examined before cleaning operations 
to determine whether the diatoms present were living and to check for 
delicate forms, such as Cylindrotheca gracilis (Breb.) Grun. - If easily 
destructible specimens were present, burned mounts were made by dry-
ing a small amount of the material on a coverslip, incinerating on a hot 
plate, and mounting in Hyrax. Some material from all collections was 
cleaned with 30% hydrogen peroxide and potassium di chromate (Van der 
Werff 1953 ). The material was allowed to settle and then the supernatant 
was decanted. Distilled water was added and the washing process re-
peated five or six times. Aliquots were than placed on a no. l coverslip, 
allowed to dry, and mounted in Hyrax. 
Chemical analyses were made with a Hach Engineers Portable Water 
Testing Laboratory. Tests done from Nov. 25, 1964 to April 17, 1965 
were carried out in the laboratory. All subsequent tests were done in the 
field. 
Determination of the relative abundance of the species in each collec-
tion was made by counting 500 specimens on each slide. The occurrence 
of each species was expressed as a percentage of the total number count-
ed. The taxa were placed in groups based upon their percentage abun-
dance. After the counting was completed the slide was examined ran-
comly under oil immersion for an indefinite period of time for species 
not encountered in the count. Slides of the material examined are in the 
author's personal herbarium. A duplicate set of slides has been deposited 
in the diatom herbarium at Iowa State University. 
The main references used for species identification were Cleve ( 1894, 
1895), Hustedt (1930, 1930-62, 1938, 1949), Van Heurck (1880-1881) and 
Patrick and Reime.r_{.L%.6.J_.._ 
Table 
Chemical Data 
Dutch Creek, Jones Co., Iowa 
Total Ca Tota l 







Nov. 25 , I 64 #1 4 8 . 5 180 143 260 
Nov . 25 , I 64 #J L1 8. 4 220 160 250 
!lee . 31, I 6/f /f 3 4 8 . 0 200 130 210 
.Ja n . 21 , I 65 H2 7 . 5 60 Li0 65 
Fe!"J . 26, ' G5 i/3 2 7 . 8 230 150 
,\ nr . 17, I 65 118 11 8 . 3 210 130 250 
.\ pr . 17, I (i5 # 3 13 8 . 3 260 150 270 
rer . J ' I (,) itl 18 8 . 5 230 150 260 
Sep . 3 ' I 65 112 17 8.8 240 150 250 
')cp . 3 ' I 65 # 3 19 8 .5 260 150 250 
r·;e p . Li , I 65 fl] 19 140 
Sep . 5 I 65 #3 15 8 . 0 210 120 230 
Sep . 5 ' I 65 # 9 16 7 .3 185 115 200 
Nov . 24, I 65 ifl 4 8. 2 250 150 270 






JTU ppm N ppm N ppm Sio4 
10 1.5 . 022 11 
12 .4 . 012 13 
25 4.2 . 048 12 
160 2.6 .080 14 
3 2.4 .030 11 
5 5.0 .048 8 
5 1. 2 .050 10 
21 8.2 .026 16 
15 9 .2 . 037 15 
5 .028 16 
1600 
91 .015 28 
10 10.5 .028 17 
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RESULTS 
The chemical data ar e contained in Table 2. The water is hard and 
well- buffered. The nutrient levels are high relative to m e an river waters 
of the world (Hutchinson 1957) but almost identical with the water chem-
istry of other Iowa rivers (Anonymous 1964). Nutrient concentrations 
tended to be higher during warm periods. The chemical IR rameter s 
w~re variable and easily subject to dilution by rain (Table 2: Jan. 23, 
station 2; Sept. 4 , station 3; ov. 26, station 1). 
The diatom collections which were made are listed in Table 3 along 
with field notes taken at the time of collection. The diatom taxa identi-
fied from these collections are listed in Table 4. 
Diatoms were the dominant algal group during all s easons_ in Dutch 
Creek. Maximum diatom growth periods were in the spring and fall. 
These periods were characterized by massive epilithic growth, domina-
ted by Gomphonema olivaceum (Lyngbye) Kutz., which de ve loped on rock 
surfaces in the more swiftly flowing waters (Fig. 3). In the summer the 
greatest concent rations of diatoms we re found on the shallow littoral 
areas in slowly flowing waters. Mor e taxa were observed in the collec-
tions made in the summer than in the collections made during the spring 
and fall. Winter diatom growths were most abundant in areas of open 
wate r (Fig. 4). The rock surfaces in these areas developed luxuriant 
growths dominated by Surirella ovata Kutz. These populations persisted 
as long as the water remained open. 
DISCUSSION 
The diatom flora of Dutch Creek was characterized most strikingly 
by the total absence of any true planktonic species. Settled water sam-
ples contained few diatoms and all of the species encountered were com-
mon in the littoral populations during the same growth period. Only two 
species of centric diatoms were found . These species, Cyclotella mene-
ghrniana (Ehr.) Cleve and Melosira varians Agardh, are usually inhabi-
tants of littoral areas and only rarely become solely planktonic (Hustedt 
1930). Of the remaining entities only seven are w ithout raphes. Thus, 
the,, vast majority of the species occurring in this habitat are capable of 
aut"onomous movement . The lack of a true plankton is probably related 
to the short length of the stream and the absence of impoundments. 
Diatom growths during ice-free periods were adversely affected by 
high waters and the accompanying turbidity. Rapid rises in the water 
lE{vel and tremendous increases in turbidity were induced by relatively 
slight rains. For example, a rain of 0. 97 cm on Sept. 4, 1963, changed 
the turbidity at station 3 from 5 JTU to 1600 JTU (Table 2). If the rains 
we~e not prolonged the periods of high water were short, usually less 
than three days in length, as would be expected from the small total area 
drainage basin. A layer of fine tan-colored silt up to 1. 5 cm thick was 
deposited on the littoral areas following each recession of the stream. 
Most of the turbidity and resulting silt deposition was caused by the con-
struction of a new highway through the upper reaches of the stream basin 
w hich exposed large amounts of unprotected land to severe erosion. The 
scouring action of the current and the silt load deposition apparently re-
duced the preexisting diatom growths. 
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Table 3 
Diatom Collections 
1. Sept. 10, 1964 . Station #6. Pipetted bottom materials from mnall 
pools formed by seepage area. Water clear and cold. Bottom composed 
of sand , shores lightly grazed. Diatoms common in material. 
2. Sept. 10, 1964. Station #5. Pipetted materials from sand bottom. 
3. 
Water clear, warm. Diatoms numerous in material. 
Sept. 10, 1964. Station #8. 
layer. Water cool and clear. 
Pipetted bottom detritus from silt 
Diatoms numerous. 
4. Sept. 10, 1964. Station #1. Water turbid and warm. Bottom 
materials from along shore with diatoms common. 
5. Sept. 10, 1964. Station #2. Water turbid. Waterfall scrape and 
pipetted materials from sand along shore; diatoms abundant. 
6. Sept. 10, 1964. Station #3. Water turbid. Scrape from apex of dam 
and pipetted bottom materials from mud bottom of pool below dam; 
diatoms abundant. 
7. Sept. 10, 1964. Station #4. Water turbid. Pipetted blue green 
algal masses from bottom alo~g shore. Oscillatoria sp. abundant, 
diatoms common. 
8. Sept. 10, 1964. Station #7. Water clear, swift, and cool. Pipetted 
bottom materials and masses of Spirogyra sp. growing in slack areas 
along shore. Diatoms abundant. 
9 •. Sept. 10, 1964. Station #9. Water clear and cool. Pipetted bottom 
materials with diatoms abundant. 
10. Nov. 25, 1964. Station #9. Water clear, water temp. 4°c. Several 
dead creek chubs {Semotilus atromaculatus) found along stream. Rock 
scrape with few diatoms. 
11. Nov. 25, 1964. Station #1. Water clear, water temp. 4°c. See Table 
II for water chemistry. Pipetted bottom materials with diatoms abundant 
12. Nov. 25, 1964. Station #2. 
sp. abundant in swift water. 
Water clear, water temp. 4°c. Cladophora 
Waterfall scrapings with diatoms abundant. 
13. Nov. 25, 1964. Station #3. Water clear, water temp. 4°c. See Table 
II for water chemistry. Scraping from apex of dam; diatoms a~undant. 
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Table 3 (cont.) 
14 . Dec . 31, 1964. Station #3. Water clear, water temp. 4°c. Creek 
frozen over except i n very swift areas. Rock scrape from a riffle 
draining pool below dam. DiatomG abundant, also many Chironomidae 
larvae present. See Table II for water chemistry. 
15. Dec. 31, 1964. Station #3. Physical and chemical data as in collectic 
#14. Rock scrape from apex of dam (Fig. 4); diatoms abundant. 
16. , February 26, 1965. Station #3. Creek frozen over with a thick layer 
of ice. Broke through ice below dam to make collection. Water very 
clear, water t emp. 2°c. See Table II for water chemistry. Rock 
scrape with very few di atoms . 
17. Feb. 26, 1965. Station #3. Chemical and physical data as in coll . #lE 
Broke through ice at apex of dam and made a scraping from rocks in 
swift water; diatoms very few. 
18. April 170 1965. Station #8. Water clear, at normal level, water temp. 11 c. See Table II for water chemistry. Massive growths of 
diatoms present on rocks in riffle areas. Stigeoclonium sp. present 
also. Rock scrape from riffles. 
19. April 17, 1965. Station #9. Water very clear, water temp. 4°c. Rock 
scrape from mouth of tile draining a cornfield and pipetted bottom 
materials from pool below outlet. Many large ciliated protozoans, 
very few diatoms. 
20 . April 17, 1965. Station #3. Water clear, water temp. 13°c. Luxurian1 
growth of diatoms covering all rock surfaces in flowing water. See 
Table II for water chemistry . Rock scrape from apex of dam. 
21. May 29, 1965. Station #8. Water very clear, water temp. 9°c. No 
visible growths of diatoms, large amounts of Cladophora sp. present 
on rocks in upper parts of riffle. All rock surfaces in lower part 
of riffle covered with large number s of Simuliidae (Diptera) larvae. 
Other insects present were Chironomidae (Diptera), Baetidae (Ephemerop 
tera), and Hydropsychidae (Trichoptera). Rock scrape from riffles 
with diatoms numerous. 
22. May 29, 1965. Station #3. Water silty, water temp. 10°c. Cladophora 
sp. abundant in running water on dam. Large numbers of Simuliidae 
(Diptera) larvae present in swiftly flowing water. Collection a 
composite of scrapings from apex of dam and pipetted materials from 
small pocket of still water below dam. Diatoms numerous in material. 
23. June 4, 1965. Station #3. Water silty, water temp. 19°c. Cladophora 
_sp. abundant on dam in running water, extensive growths of diatoms 
visible on mud and rocks below dam. Large masses of Spirogyra sp. 
present on mud flats along shore above dam. Collection a composite 
of waterfall scrapings and pipetted bottom materials from pool area; 
diatoms abundant. 
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T able 3 (cont. ) 
24 . August 16, 1965. Station #8. Water very turbid, water temp. 21.5°c. 
Cladopho~a sp. abundant on rocks in riffle area. Pipetted bottom 
materials; diatoms ntunerous. 
25. August 16, 1965. Station #3. Water turbid, water temp. 21.5°c. 
Pipetted bottom materials from sand along shore below dam and scrape 
from apex of dam; diatoms abundant. 
26. August 16, 1965. Station #3. Small shaded pool of water below dam, 
isolated from stream. Bottom covered with a thick brown layer of 
diatoms. Water temp. 21°c. 
27 . Sept. 3, 1965 . Station #1. Water clear, water temp. 18°c. See Table 
II for water chemistry. Large masses of blue green algae growing in 
shallow water on rocks. Pipetted bottom materials and pieces of a 
moss growing in riffle; diatoms abundant. 
28. Sept. 3, 1965. Station #2. Water clear, water temp. 17°c. See Table 
II for water chemistry. Scrapings from face of waterfall . Innnature 
stages of Batrachospermtun sp. abundant; diatoms ntunerous. 
29. Sept. 3, 1965. Station #3. Water clear, water temp. 19°c. See Table 
II for water chemistry. Bottom of stream above dam with massive growth 
of diatoms. Large chunks frequently breaking loose and floating to 
top. Placed one of these masses in a bottle. Diatoms abundant; also 
large amounts of blue green algae. 
30. Sept. 3, 1965. Station #3. Chemical and physical data as in collectio1 
#29. Large masses of Oscillatoria sp. present in spray zone on rocks 
by dam • . Species of fishes collected below dam in pool: Notropis cornut 
frontalis, Notropis dorsalis, Semotilus atromaculatus, Pimephales 
promelas, Pimephales notatus. Rock scrape from apex of dam; diatoms 
abundant. 
31. Sept. 5, 1965. Station #9. Water high and turbid, water temp. 19°c. 
Fish collected here: Notropis dorsalis, Pimephales promelas, Pimephale! 
notatus, Semotilus atromaculatus, Etheostoma nigrtm1 nigrum. Water 
chemistry data in Table II, Strippings from leaves of a grass; 
diatoms abundant. 
32. Sept. 5, 1965. Station #9. Small rivulet from tile draining cornfield. 
Water clear, water temp. 16°c. Emergent vegetation abundant. Pipetted 
materials from bottom detritus among· stems of emergent vegetation; 
diatoms few. 
33 . Nov. 24, 1965. Station#l. Water low and very clear, water temp. 4.5°c. 
Rock surfaces covered with a thick brown layer of diatoms. See 
Table II for water chemistry. Collection made by scraping rocks in 
swiftly flowing water; diatoms abundant. 
34. Nov. 24, 1965. Station #2. Water low and clear, 4.5°c. Large 
brown blobs of diatoms attached to edge of waterfall. Pipetted 
portions of this material, diatoms abundant. 
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Figure 3. Station 2. Stream running av er road in Wapsipinicon State 
Park. Note the algal masses attached to edge of road in swift 
water. November 25, 1964. 
A 1> ,_ 
; ~ ,.. ,~ ~- :-< ,j -.~ 
Figure 4. Station 3. Small dam in Wapsipinicon State Park. Rocks in 
swift water at brink of dam covvered with a thick growth of dia-
toms. December 31, 1964. 
rable 4, Diatom taxa identified from Dutch creek . l - 50 to 90 percent of population, 2 - 28 to 50 percent of population, 3 - 10 to 25 percent of population, 
4 - l to 10 percent of population, 5 - less than l percent of population, X - not occurring in count. 
Sept, 10, 1964 \ Nov 25, 1964 ~~:;6~ ;:\~ m;l 
17
1'2~r65~~~~ ~~~u~~65 '. ~;~;• 
3
' i ~:~~; i ~~: ;6, 
snec1es '- u1acom Lo.1.1ecc1.on numoer 1 L j <+ ~ 0 I 0 ~ l.U LL LL l..J , .1. ... L.} • J.O .L/ LO .L';J 4U LJ. I.L Lj L ... L.) LO LI LO L';J .JV .J.l .,, .,., ., ... 
Achnanthes lanceolata (Breb,) Grun, 3 5 4 5 5 5 5 4 4 4 X 5 5 X 4 5 5 4 5 5 5 4 X 
A. lanceolata var. elliptica Cleve 5 5 
A, lanceolata var. rostrata Hustedt X 
A, linearis (Wm. Smith) Grun, ,, 5 X 5 4 
A. minutissima Kutzing 5 5 5 5 5 5 4 5 4 X X X 5 4 
Amphora montana KraBke 3 4 5 5 5 5 4 4 5 X 5 5 X 5 5 X 4 5 X 5 5 5 4 X X 4 X 
A, ovalis Kutzing X X X 5 5 X 
A, ovalie var , lybica (Ehr.) Cleve X 5 4 5 X 5 X 
A, ovalis var. pediculus Kutz. 5 X X 5 X X 4 X 
A, perpueilla Grunow 5 5 
A, s ubmontana Hustedt X X X X 4 
A, veneta Kutz, 5 
Caloneis bacillum (Grun,) Cleve X 5 X X X X X X X 
C. bacillum var, fontinalis Grun. X X X 5 
C, clevei (I.angst,) Cleve X 
C. hyalina Hust, 5 5 
C. lewisii Potr, X X 
C. lewis ii var. inflata (Schultze) Patr. X 5 X X X 
C. schumaniana (Grun,) Cleve X X X 
C. schumaniana var, biconstricta (Grun,) Reichelt 5 5 X 
C. silicula (Ehr.) Cleve X 5 
C. silicula var. truncatula (Grun,) Cleve X 
Cocconeio pediculus Ehr. 5 X X X 5 4 4 4 5 4 4 5 4 X , 4 X 5 5 X X 
C, placentula var, euglypta (Ehr,) Cleve 4 X 5 X 5 4 5 5 5 X X 5 X 4 4 5 5 5 X 3 X X X X 
Cyclotella meneghiniana Kutz, X X X X X X 
Cylindrotheca gracilis (Breb,) Grun, I 4 4 
Cymatopleura cochlea Brun X 
C. solea (Breb,) Wm, Smith 5 5 X X 5 4 5 X X 5 5 5 X X X 5 X X 5 6 X X 4 X X X 
Cymbella aspera (Ehr,) Heribaud X X X 
C, norvegica Grun. X 
C. prostrata (Berk,) Cleve X X X X 5 X X 4 
























C, trianguh.wu (Ehr,) Cleve 
c. tumida (Breb,) van Heurk X X X 
C, ventricosa Agardh 
Diatana wlgare Bory X 
Diploneis ovalia var. oblongella (Naegeli) Cleve 
Eunotia major (Wm, Slllith) Rabb, 
Fragilaria intermedia Grun, 
F. leptoatauron (Ehr.) Hust, 
Frustulia vulgaris (Thwaites) De Toni X X X X 
Gomphonema accuminatum var, laticeps (Ehr,) Grun. 
G, angustatun (Kutz,) Rabh. 5 5 X 
G, angustatum var. product& er.. 
G, angustatum var, sarcophagus (Greg.) Grun , 5 
G, brasilense Grun, X 
G, constrictum !!hr, X 
G, constrictum var, capitatum (Ehr,) Grun . 
G. gracile Ehr. 
G. gracile var, lanceolata (Kutz,) Cleve X 
G. intricatum var. dichotana (Kutz.) Grun. 5 5 
G, intricatun var. pumila Grun. 
G. insigne Greg. 5 
G. olivaceum (Lyngbye) Kutz, 5 
G. parvulum Kutz. X X 5 
G. sub·clavatum Grun. 
Gyrosil!IJMl kutzingii (Grun,) Cleve 4 5 
G. scalproides (Rabb.) Cleve X X 5 
Hantzschia amphioxys (!!hr.) Grun, 5 X X 
H. amphioxys var. capitata (0, Hull,) Hust, 
Helosira varians Agardh 4 3 X 
Meridian circulare (Grev,) Agarclh X 
Navicula accomoda Hust. 
N. agrestia Hust, 4 
N. anglica Ralfs 4 
N, atomus (Naegeli) Grun, 
N. bacilloides Hust, 4 4 5 
N. bremensis Hust. 
N. carniolensis Hust. X 5 
N. cincta var. heufleri Grun. 
5 6 7 8 9 10 11 12 p 14 15 16 17 18 19 20 21 22 23 24 2!i_~_27 28-12_ 3!) _31 32 33 34 
5 X 5 X 
X X X X X X 4 X X X X X 
X 5 5 5, . X X X X 4 X 5 5 X 5 5 
X 4 5 X 5 X 5 5 4 5 X X 
X 
X 
X X 5 X X X 4 5 5 X 
5 
5 X 5 4 X 5 X X X X X X X X X 4 X 
X X 4 5 -~ 4 X 
X 5 4 5 5 3 4 4 4 X 5 5 X X 4 
5 
4 5 





X 4 5 4 5 X 5 5 5 4 5 X 5 4 2 X 5 5 3 X 
X 5 
X 5 5 X 5 4 X X X X 5 
5 4 5 4 5 4 4 4 1 5 1 4 4 5 5 X X 1 2 
5 X X 5 4 4 5 5 5 5 5 5 4 5 4 5 5 X X 5 X 2 4 
X 
5 5 X 5 5 5 4 X X 5 X 4 5 5 X X 4 
4 4 4 X 5 4 X 5 5 5 5 4 4 5 4 X 5 4 5 3 4 3 2 5 4 X X 
X X 4 X 5 X 5 4 
X 5 X 5 5 X 5 
5 5 4 5 4 X X X 4 5 5 5 X X 5 X X 4 
X X 5 2 5 
4 X 5 5 X 5 
4 4 4 4 5 5 5 
X 5 5 
5 5 5 X 5 
5 4 5 5 5 5 X X X 5 X X 4 4 
X 
5 5 5 X 5 5 5 X 5 















- - - - V , ·- ... ..... - ,&.J ....... ,A.J 
N. citrus Kraaske 5 5 5 4 5 
N. content• fo. biceps Arnott X 5 X 
N. cryptocephala ltutz, 4 5 5 5 4 4 4 4 5 5 5 X 
N, cryptocephala var. intermedia Grun. X 5 5 5 5 5 4 4 5 5 4 
N. cryptocephala var, veneta (Kut z.) Rabh, X 4 X 5 5 4 4 4 X 5 5 5 
N, cuspidata Kutz. X X X X X X 
N. cuspidata var, ambigua (Ehr.) Cleve X 5 X X 5 5 5 X s 
N, decussis ~trup X 4 4 5 X 5 X X 5 
N. dicephala (Ehr,) le, Smith X X 
N. dicephala var. neglecta (Kraaske) Hust . 5 5 5 X 
N, frugalis Hust, X X X X 
N, germainii Wallace X 2 3 2 2 3 5 s 4 5 4 5 4 
N, hungarica Grun, 5 X 5 5 5 5 5 X 5 5 X X 
N, hungarica var. capitata (Ehr,) Cleve 5 X 
N. hustedtii Krasske 4 4 4 5 5 3 4 X 
N. lagerheimii Cleve 5 X 5 
N. lanceolata (Agardh) Kutz, X 4 4 4 3 4 4 4 4 4 5 4 4 4 
N. menisculus Schumann 4 5 4 5 5 5 5 5 4 X 5 5 5 
N, menieculue var. upsaliensis (Grtm) Cleve 4 ' 4 5 4 4 ' 4 N. minima Grun. 4 
N, molestiformis Hust. 4 X 5 X 5 5 5 4 X X 5 
N, mutica Kutz, 4 X X 5 5 X 5 X 
N. mutica var. Cohnii (Hilse) Grun. 5 5 5 X 5 
N. mutica var, nivalis (Ehr,) Hust. 5 5 
N. mutica var. tropica Hust. X 5 3 
N, notha Wallace 5 4 4 4 4 4 4 4 4 5 X 5 X X 
N. oppugnata Hust. 5 X 4 X 
N, pelliculosa (Breb,) Hilse X 4 X s 5 5 5 5 5 
N. peratomus Hust. X X 5 4 4 5 4 4 5 5 5 5 5 
N. pseudoexillissima Hust. 4 5 
N. pupula Kutz. X 2 4 4 5 4 4 4 5 5 5 5 X X 
N, pupula fo, capitata Skv. & Meyer 
N. pupula fo. elliptica Hust, X 4 
N. pupuloides Guermeur 5 5 5 5 5 5 X 
N, pygmaea Kutz, X X X X 5 5 X 5 X 5 
N. radiosa var, tenella (Breb,) Grun, X X 
N, rhyncocephala Kutz , 5 5 4 s X 
,LU ... , ... U ... 7 •V .......... 'J 4 .. ,_, ,o 
X 5 5 
5 X 
X 5 4 X 5 5 5 
5 5 4 5 5 5 s s 
4 5 X 4 5 X 5 
X X 5 5 
5 5 5 X X 4 5 
4 X 5 5 5 
5 
5 s 5 
3 4 X 4 5 X 4 4 5 
X 5 5 5 5 X X 5 
X 5 X X 5 
X 4 X 5 
X 
4 4 X 5 4 3 3 5 4 5 
4 5 X 5 4 X X 5 5 
4 4 4 5 l 2 X 4 
4 4 4 4 4 
5 5 X 5 5 5 5 
4 5 5 4 X X 
X 
4 4 4 X 5 4 5 
5 X 
5 s 5 5 X 




X X X X 5 
5 5 X X 
X X 






X 5 5 
5 4 5 
X 5 5 
5 4 4 
5 5 5 
X X 
X X 
4 X 4 4 





5 X X 
X X 
4 4 X 
5 
X X 

























































- - - -- - -- - . --
N. seminulum Grun. 5 4 3 5 4 5 4 5 4 4 5 4 5 X 
N, s ubhamula ta GrWJ, 
N, symmetrica Patr. 4 4 4 5 X 5 X 3 X 5 5 5 5 
N, tantul a Hust. 5 X X ' l s 5 X 4 4 5 5 5 X 5 N, tenneloides Hust. X X 5 X X 
N, tripunctata (Mull.) Bory 5 5 X X 5 4 5 4 4 4 
N, heufleri var. l ep tocephala (Breb, ex Grun) Patr. X 4 X 4 4 4 3 4 4 5 5 5 5 5 
N, viridula var. arguensis Skv. 5 4 
N. vetita Krasske 4 4 X 5 5 5 5 3 5 5 5 
N. wi ttrockii (Lagst.) A. Cleve-Euler X 5 X 4 
N. sp , 3 X X X 4 5 
N, sp. 5 X 5 4 5 X 5 5 5 4 
N. s p. 10 5 5 5 
N. sp. 25 4 5 5 5 X 
N. sp. 26 5 5 X 4 
N. s p . 30 X 5 5 X 
N. sp, 31 
N. sp. 34 X 
N. s p. 35 5 X 
N. sp. 36 5 
N. s p. 38 
N. sp. 39 5 
Neidium affine var, amphirhynchus ( Ehr.) Cleve X 
N. affine var. tenuirostris A. Mayer X 
N, affine var, Undulatum (Grun,) Cleve X X 
N. hankensis Skv, X 
N. sp. 1 5 5 
Nitzschia acicularis (Kutz.) Wm, Smith 2 4 4 3 4 3 4 4 4 X 5 4 X 5 
N. amphibia Grun. X X 4 5 4 X 5 5 3 5 5 
N. apiculata (Greg,) Grun, 5 5 5 4 5 5 X X 
N. capitellata Hust, X 4 4 4 4 4 5 4 X 5 5 
N. clausii Hantzsch X 5 5 
N. communis Rabh . 
N. communis var. abbreviata Grun. X 
N. communis var, hyalina Lund 5 
N, commutata Grun. 
N. confinis Hust. X 4 
N. dissipata (Kutz,) Grun. X X 5 X 5 X 5 4 3 4 3 4 
N. dissioata var . med ia lHant.z sch\ Grun. 5 
-- -· -- _ .., - - - -- T _.., ... v 
5 5 5 5 X 5 
X 
5 5 X X 4 3 5 
4 4 5 5 4 4 X s 
5 5 
5 4 5 X 4 4 X X 
4 4 5 X X 4 3 4 
5 5 X 5 
5 5 5 5 4 4 4 4 4 
X 5 
X 5 4 5 5 X s 
4 ' 5 .. 4 5 
5 5 





X 5 s 
X 5 
X 
X 5 X 4 4 s 
5 4 X 4 2 s s 
5 5 5 X X X X s 




5 5 5 
5 4 X 4 4 5 4 X 4 5 
4 X 
-• 6.U _ _, ..,.., 
4 
X 
4 5 5 4 
5 
4 X s 
5 3 5 





5 5 5 
5 
X X 






4 X X X 
5 X X 
5 5 5 
X 5 
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N. fonticola Grun. 
N. fruatulum (Kutz.) Grun. 5 4 
N. frustulum var. perminuta Grun. 
N. fruetul1n var. perpusilla (Rabb.) Grun. X 5 4 
N. hungarica Grun. 
N. ignorata Kraaake 
N. intermedia Hantz sch , X 
N, kutzingiana Hilse 3 4 4 4 
N. linearis (Agardh). Wm. Smith 4 4 4 X 
N. mediastalsis Hohn 6 Hellerman X 
N. palea (Kutz.) Wm. Smith 2 4 4 4 
N, paleaformis Hust. 
N. rec ta Hantzsch 5 5 
N. romana Grun. 
N. sigma (Kutz.) Wm. Smith 
N, sigmoidea (Nitzsch) Wm. Smith 5 5 
N. sinuata var, tabellaria Grun, 
N. stagnorum Rabb, 
N. subrostratum Hust. 4 
N. tarda Hust, X 
N, thermalis Kutz, 
N. thermalis var, intermedia Grun, X 
N. tryblionella var, victoriae Grun, 
N, umbilicata Hust, X X 5 X 
N. vermicularie (Kutz,) Grun, 
N, Sp, 1 4 4 
N. sp, 3 
N, ap. 5 
N. ap, 6 
N. ep, 9 5 
N. sp, 11 5 
N. sp, 12 5 
N, •P• 13 X 
N, Sp, 14 
N, sp, 15 X 
N, sp, 16 5 
N, sp, 17 X 
N, sp, 19 
N, sp, 20 X 
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2!!_ i9 31) 31 32 33 34 
4 X 5 5 5 5 X 5 4 4 5 4 4 5 5 X 4 4 
4 4 4 4 4 4 5 X 5 5 X X 5 5 5 
5 5 4 4 5 5 X 5 5 5 5 5 4 4 5 5 4 X 
X 5 5 5 X 5 5 5 5 5 5 
X 
X 5 5 5 
4 4 4 4 4 5 5 5 5 X 5 X X 5 5 
X X 5 4 4 4 4 4 4 5 4 5 5 X X X 4 4 X X X X 5 5 4 5 4 
5 5 4 5 5 
4 4 4 4 4 4 5 5 X X X X 4 5 X 5 5 X 5 5 4 
5 4 
5 5 5 5 X 5 5 X 5 4 5 4 5 5 4 
.) 4 5 
5 X X X X X 5 5 X 5 4 
5 X 5 5 X X 5 X X 
X X 5 X 
5 X 5 5 5 X X X 
5 
5 4 
X 5 5 
X 
4 5 5 5 4 X X X 5 X X X X X 5 X X X 5 4 X 
X 5 X X 
5 5 4 X 5 4 5 5 5 5 
X 4 
X 5 X X 5 5 
5 
5 5 4 5 5 5 X 5 5 X X 
X 5 4 4 5 5 X X X 4 
4 4 4 5 5 5 4 5 5 3 4 4 4 5 5 5 5 5 4 
5 X 
4 5 5 4 4 3 4 4 4 X 5 4 4 
X 
X 
5 5 4 5 4 5 5 4 4 5 5 4 5 4 
4 4 























N, sp, 21 
N. sp. 23 
N, sp, 24 
N. sp. 25 
N. sp. 27 
N. s p. 28 
N. sp. 29 
Pinnularia borealis Ehr. X 
P, brebissonii (Kutz) Rabh. X 
P. i ntermedia (Lagst.) Cleve 
P. maj or (Kutz.) Cleve 
P. obscura K.rasske X 
P. v iridis (Nitz sch) Ehr. 
P. sp. 1 X 
P. sp. 2 
P, sp. 3 
Rhoicosphenia curvata (Kutz.) Grun. X 5 
Rhopalodia gibba (Ehr. ) O. Mull. 
Stauroneis anceps Ehr. 
S. borrichii fo. subcapitata Pet. 
S, phoenicenteron (Nitzsch) Ehr. 5 
s. smithii Grun. 
s. sp. 1 
Surirella angusta Kutz . 5 4 X 5 
S. hoefleri Hus t. 5 X 
S. ovate Kutz. 3 4 5 
S. ovate var. pinnate (Wm. Smith) Hust. 5 X X 
S. suecia Grun. X 4 
S. tenera var. nervosa A. Schmidt X X 
S, sp. (stagnorum Ohl) 
Synedra rumpens Kutz. 
s. ulna (Nitzsch) Ehr. 5 X 
S, vaucheriae var. capitellata (Grun.) Cleve 
Total Number of Entities 36 42 71 87 
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 
4 5 4 5 4 4 4 
4 4 4 5 5 5 X 2 4 
5 5 
4 5 
X 4 4 4 4 3 4 4 4 3 5 
4 4 X ! 5 
5 5 X 5 I 
X X 5 5 X X X X x / X X X 
X 
5 4 X 5 5 
X X X 
X X X 
5 
X 5 5 X X 5 5 X 5 X 4 5 4 5 X X X 





5 5 5 X 5 5 4 5 4 5 5 5 4 X 4 5 4 X 5 5 5 5 X 4 5 4 X X 
4 X X 5 X X X X X 5 5 X X 5 
5 X 5 5 4 4 2 3 2 2 2 3 3 3 4 2 1 4 4 X 5 X 5 X 4 X 4 X 5 
X 5 X 5 5 5 5 5 5 X 5 X 4 5 X X X 5 X 5 5 4 5 
4 5 5 X 5 4 X 4 X X X 5 X 5 5 X X X X 
X X 5 5 X X X 5 
5 X 
X 
5 5 X 5 X 5 X X 5 X 4 5 5 
X 4 X 5 4 4 5 2 X X 5 4 5 
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These rapid , extreme habitat changes probably act as rigorous selec -
tive mechanisms in small streams and the repeated occurrence of silta-
tion periods may explain the paucity of nonmotile fonns in the flora . The 
ability of motile diatoms to migrate through silt layers is easily demon-
strated but w hether this was the primary method of reestablishment was 
not determined h ere . 
Drum ( 1964) reported that epilithic diatom growths in the Des Moines 
River we re not terminated by ice and snow covers of less than 50 cm 
thickness . In Dutch Creek no macroscopi c diatom growths were ob -
serve d in any portion of the stream covered by more than 10 cm of ice. 
The pres ence of only a few viable cells in collections 16 and l 7 indicate 
that redu c ed light gre atly inhibits diatom growth. The explanation for 
the discr epancy in our findings may be the result of snow coverings on 
top of the ice. Dutch Creek is small and so constructed that large drifts 
of snow accumulate b etwee n its banks w hile the D es Moines River is open 
to the wind and bare spots on the ice produced by wind action may permit 
the passage of enough light to support diatom populations. 
Black fl y (Simuliidae; Diptera) larvae appeared to be in competition 
w ith algal growths at stations 3 and 8 on May 2 9, 1965 when a striking 
series of r e lationships between the epi lithic fauna and flora in the riffles 
w as observed. The rocks in the upper portions of the riffle areas were 
covered w ith a thick algal growth and few larvae while rock surfaces in 
the lower r e aches of the riffles were solidly covered by black fly larvae 
and no algae. A similar type of competition was r eported by Sommerman 
!:..t ~ - (1955) and Zahar (1951). 
Gomphonema brasilense Grun. displayed an unusual distribution pat-
tern in the colle ctions from Dutch Creek. It was reported by Drum ( 1964) 
and Ohl (1965) as occurring ve r y rar e l y in their collections. In fall col-
l e ctions from Dutch Creek it was present in very small numbe rs (Table 
4) . However, in collection no. 16, taken from u nder a thick layer of ice, 
it compos ed 20% of the obs erved population . Very few viable c e lls of 
othe r s p ecies we r e observed when an examination of the fresh material 
was made . It is possible that the reduced competition at this time al-
lowe d this species to become established. 
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A CONTRIBUTION TO THE DEVELOPMENTAL ANATOMY 
OF THE R OOT OF QUERCUS L. 
1 
H. Lloyd Moge ns en2 • 3 
ABSTRACT. R oot hist o gene s is w as studied in seed 1 i n gs 
o f Qu er cus alba L. and ..9_. velutina Lam . through the 
first season of growth . The o r ganization of the root 
apex resembles the "open" o r Pis um type. The first 
vascular tissue to differentiate is protophloem. Pri-
ma ry xy l em and primary phloem differentiate centri -
petally. Pr imary xylem strands usually form alter -
nate ly with strands of primary phloem; however, in 
roots of _g. velutina there may be two strands of pri -
mary phloem between each two strands of primary xy -
lem. Th e number of primary xy l em poles w i thin differ-
ent roots of g. alba varies from 6 to 16 ; in roots of 
g. ve l utina the num b er varie s f r om 6 to 7. Th e number 
of primary xylem poles w as found to vary consid e rably 
w ithin the sam e root of g. alba. T here is a permanent 
pith th e whole length of th e primar y and la rger lat eral 
r oot s. S mal l er late r al roots do not have pith. Ph el -
log e n initiation occurs in the o u termost lay er of t he 
multiseriate p eri cycle. Phellog e n initiation usually 
occurs prior to the formation of vascular cambium. 
INTROD U CTION 
Information a vailable o n the anatomy of oak roots is very meager. A 
de tailed study of the origin and development of the root histogens in the 
embryo and seedling of Quercus prinus has been made by Vecchier e llo 
(1 928 ); however, there h'as been no complete study on the differentiation 
of the derivatives of the root histogens into mature tissues. Some fra g-
ments of information are available on the structure of the relat i ve ly 
mature oak root: Ing. alba, lateral roots of the se e dling are r e ported 
to lack a pith and have xylem tissue containing "ve ry much thick-walled 
libriform. " In th e center of the primary root, there is a "broad homo-
geneous pith with d e posits of starch" (Holm 1910). The pres e n ce of very 
1 Journal Paper No . 5584 of the Iow a Agricultural and Home E conomics 
Experiment Station, Ames, Iowa. Project No . 1047 . 
2 The author wishes to acknowledge the guidance and e ncouragement of 
Professor J.E. Sass during the planning and completion of this study. 
Thanks are also given to Professor Harold S. McNabb, Jr. for his inter-
est in this work and for his help in s e curing acorns. 
3 D e partment of ~iology, Northern Arizona University, Flagstaff, Ari-
zona. 
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broad xylem rays in oak roots has been noted by Jeffery ( 1917 ). Ward 
(1892) stated that there are five strands of primary xylem in the root of 
Quercus. Even less information is available on oak root anatomy from 
the developmental standpoint. In the root of g. agricolia, the periderm 
was stated to be formed in the cortex (Sto ver 1951). Ward (1892) ob-
served that primary phloem and primary xylem differentiate c entripetally 
in oak roots. 
Because of the obvious scarcity of information on root histogenesis in 
Quercus, the present investigation was undertaken to make a detailed 
study of the developmental anatomy of the roots of the oak seedling, be-
ginning with the root histogens and leading to differentiation of mature 
tissues at the end of the first season of growth. 
MATERIALS AND METHODS 
Seedlings of Quercus alba L. and g. velutina Lam. were the primary 
source of material for this study. Some observations were made from 
free -hand sections of roots from seedlings of g. macrocarpa Michx. and 
g. rubra L. Except where stated otherwise, the observations reported 
here r efer to the seedling roots of g. alba. 
Mature acorns were c ollected just after falling from the parent tree. 
Acorns of g. velutina and g. rubra were stratified in moist sand at about 
40 ° F, g. alba and g. macrocarpa acorns were stored in dry sand at 
35°F until used. Acorns were germinated on paper in moist chambers in 
the laboratory at room temperature for the study of the e arly phases of 
development. Other seedlings were grown in flower pots and wood flats 
in the greenhouse for subs equent stages. Greenhouse plantings were 
made during early March, and collections were taken through mid-Sep-
tember. The age of a seedling was reckoned from the time when the 
acorn was first placed in favorable germinating conditions. 
All mate rial w as fixed in Craf III or F. A. A. depending on maturity 
and toughness (Sass 1961 ). Specimens were dehydrated in an ethyl alco-
hol series, gradually changed to xylene, and embedded in paraffin. Sec-
tions were cut with a rotary microtome at 10 to 15 µ. All material was 
stained with a combination of safranin and fast-green. 
OBSERVATIONS 
Roots of g. alba and g. velutina were found to have the same apical 
meristem organization as that described for g. prinus (Vecchierello 
192 8 ), in that the plerome, periblem, dermatogen and root cap arise 
from the periphery of a cylindrical c e nter of meristematic cells (Fig. 1). 
Immediately behind the generating zone, the future stele and cortex 
are readily distinguishable. These areas are distinctive because of the 
presence of larger cells making up the undifferentiated cortex and the 
smaller cells of the future stele. 
Within the undifferentiated stele there can be detected, in cross sec-
tions, a lighter-staining center portion (mostly future pith) and a more 
darkly-staining outer portion (future vascular tissue). Within this outer 
portion there are circular groups of cells evenly spaced around the entire 
circumference . It is within these circular groups of cells that the f_irst 
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protophloem cells appear. Protophloem sieve tubes are evident about 
1 mm from the tip of the root. The protophloem sieve tube is first dis-
tinguished by its slightly lighter- staining cytoplasm, then, as diffe ren-
tiation occurs , by its very clear interior and dark-staining c ell wall 
(Fig. 2 ). 
Various cross-sectional patterns may be formed by the first proto-
phloem sieve tubes. The most common case in g_. alba is that, at first, 
one protophloem sieve tube is formed in each of the aforementioned cir -
cular groups of cells, then two more seive tubes differentiate on either 
side of the first (Figs. 2, 3). In g. velutina, protophloem seive tubes 
frequently differentiate in groups of two, eve nly spaced around the peri-
phery of the developing stele (Fig. 4). Differe ntiation of the first proto-
phloem e leme nts occurs synchronously around the root at a given level. 
The cells immediately surrounding the protophloem e nlarge in diam-
eter and become lighter- staining. The diameter of the futur e pith tis sue 
increases as does the diameter of the root itself. 
Two to four cell layers outwa rd from the first - formed protophloe m 
cells there is a distinct uniseriate row of cells with dark-staining cyto-
plasm and more distinct nuclei. This layer later becomes thick-walled 
and filled with da rk-staining deposits (Figs. 5, 6). This possibly is the 
end ode rmis; however, no casparian strips could be demonstrated. 
Inward fro m the protophloem, metaphloem differentiates. The result-
ing groups of primary phloem become compressed as growth continues, 
and the ir cross-sectional area increases more tangentially than radially. 
As the other cells of the root become lighter-staining, the primary phlo-
em strands are detectable only by the smaller diameter of their cells. 
The differentiation of primary xylem begins . 75 to 1. 25 cm above the 
level where the first protophloem becomes evident. Protoxylem cells 
ar e most frequently formed alternately between primary phloem strands 
(Fig. 6). Ing. velutina, however, there may be two strands of primary 
phloem associated with each strand of primary .x;ylem (Fig. 7). At any 
given protoxylem pole the first two or three protoxylem cells become 
thick-walled almost simultaneously. About the time ( or even before) the 
fir~t protoxylem cells differentiate, the future metaxylem cells can be 
detected as having a slightly larger diameter than the adjacent cells, ex-
cept where they merge into the larger c ells of the developing pith (Fig. 5). 
Metaxylem cells differentiate centripetally until each strand of pri-
mary xylem consists of from 15 to 30 or more cells. The remaining 
cells in the center portion of the root differentiate into a central, paren-
chymatous pith which extends the w hole length of the ro ot. A central 
pith was found to be present in all primary roots (Figs. 6, 7, 8, 9, 10) and 
lar ger lateral roots of the four species investigated. In small lateral 
roots pith was lacking (Fig. 11 ). 
The number of primary xylem strands varies greatly between roots of 
different plants, between roots of the same plant, and even within the 
same root. The number va ries from 6 to 16 primary xylem strands in 
different roots of g. alba. Within the same root the number may vary 
from 9 near the apex to 16 near the base of the root. However, in g. 
velutina and g. rubra the number of primary xylem strands varies from 
6 to 7 in different plants and there is no variation in the number of st'rands 
within the same root. In one root of g. macrocarpa the number of pri-
mary xylem strands varies from 6 near the tip to 8 near the base. 
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Figure l. Longitudinal section of the root tip of g. velutina; 
h - histogen cells, re - root cap (47X). 
Figur e 2 . Transverse section l mm from the root tip of a 3-week-old 
g . alba seedling that had a radicle 14 cm in length (350X). 
p. - protophloem. 
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Figu r e 3. Transve rs e s e ction of 1. 5 mm from the root tip of a 4-month-
old s eedling of g. alba . p - protophloem (78X). 
Fi gure 4. Transverse section of a root of g. ve lutina, abo ut 2 mm from 
the tip . p - protophloem (78X) . 
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Figure 5. Proj ection drawing of a transverse s e ction about l½ cm from 
the root tip of a 5-day-old g. alba seedling that had a radicle 
3 cm long. e n - endodermis, px - protoxylem, 
mx - immature metaxylem {about 63DX). 
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Figure 6. Transverse section about 2 cm from the tip of a 7½ mm radicle 
of a 5-day- old seedling of g . alba. 
ph - phellogen initiation, pr - primary xylem (7 8X). 
Figure 7. Transverse section of a young radicle of g, velutina taken 
about 4 cm from the root tip, showing six primary xylem (pr) 
strands each associated with two areas of primary phloem (pp ), 
the.. vascular cambium ( c) has just become established ( 4 7X). 
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Figure 8. Transverse section about 8 cm from the tip of a 14 cm radicle 
of a 20-day-old seedling of g. alba. c - vascular cambium, 
pe - periderm, pr - primary xylem. (78X). 
Figure 9. Transverse section about 37½ cm from the root tip of a 50 cm 
radicle of a 3 - month-old seedling of g. alba. 
pe - periderm (78X). 
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Figure 10. Transverse section of an older radicle of g. velutina . 
p - pith, pe - periderm, xr - xylem ray (78X). 
Figure 11. Transverse section of a lateral root of a seedling of 
g. velutina showing the absence of a pith (78X). 
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About the time of the completion of primary growth , and usually be-
fore the initiation of vascular cambium, pe riclinal cell di visions occur 
in the layer of cells imme diately insid e of the "endod e rmis" (Fig. 6). 
This is the initiation of phellogen, which eventually becomes very distinct 
and produces phellem to its exterior (Figs. 8, 9). Prior to the initiation 
of phelloge n, the multiseriate pericycle increases in width from about 
3 to 5 or 6 cell layers . 
The vascular cambium becomes initiated between the xylem and phlo-
em nearly synchronously around the root at a given level. However, it 
seems at first to be more distinct near the outer flanks of the primary 
xylem strands, then just inside of the primary phloem, and finally out-
side of the protoxylem poles until a complete connection is made (Fig. 8). 
The vascular cambium produces secondary xylem that is continuous 
with the primary xylem and, as growth continues, the secondary xylem 
is laid down in broad areas radiating from the primary xyl em poles. 
Uniseriate xylem rays occur frequently. In some cases, a broad multi-
seriate ray is formed radiating from a primary xylem pole. Between the 
primary xylem poles the cambium produces broad multiseriate secon.;; 
dary rays of parenchyma and scattered fiber tracheids (Fig. 9). 
To the outside, the vascular com bi um produces secondary phloem 
which consists of sieve tubes and companion cells scattered among a 
large amount of parenchyma. In older roots (2-5 months) thick-walled 
fibers appear in small isolated strands near the primary phloem. The 
first secondary phloem fibers are produced in scattered groups of one to 
five cells, then later in larger definite groups around the root (Fig. 9). 
The older sieve tubes become isolated in small groups, and many of them 
become crushed by enlarging parenchyma cells. 
Mature roots of g. velutina are very similar to those of g. alba (Fig. 
10 ). 
DISCUSSION AND SUMMARY 
The primary root of g. alba was found to have an apical meristem 
organization similar to that found in g. prinus (Vecchierello 1928); that 
of an open type from which arises the cortex, stele, epidermis and the 
root cap. This same apical meristem organization was found in g. velu-
tina. 
The earliest vascular tissue to differentiate is protophloem. This 
feature is common in angiosperm roots (Esau 1965 ). 
Primary xylem and primary phloem differentiate centripetally in oak 
roots. This is also a common feature in angiosperm roots, and supports 
those observations by Ward (1892) in roots of Quercus. 
Primary xylem strands usually alternate with strands of primary 
phloem; however, in roots of g. velutina the re may be two strands of 
primary phloem associated with each strand of primary xylem. 
The number of primary xylem poles in g. alba roots varies from 6 to 
16; in roots of g. velutina the number varies from 6 to 7. Even within 
the same root of g. alba the number of primary xylem strands varies 
from the tip to the base of the root. Wilcox (1962) found this same feature 
in roots of Libocedrus decurrens. The number of primary xylem strands 
does not vary within a given root of g. velutina. 
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There is a permanent pith the whole length of the primary root of oak. 
This is a rather uncommon feature in dicotyledonous roots; however, it 
has been reported in many dicot roots such as the Valencia Orange (Hay-
ward and Long 1942), Fagus sylvatica (Cowes 1951) , Salix (Esau 1965), 
and Cynara scolymus (Phillips 1937); and Holm (1910), also reported the 
presence of a pith in the primary root of g. alba . Holm (1910) reports 
that lateral roots of g. alba lack a pith. This was found to be true in the 
smaller lateral roots of g. alba and g. velutina in this study, but in the 
larger lateral roots there was a definite central pith. 
Phellogen is initiated in the outermost layer of the multiseriate peri-
cycle. Phellogen initiation usually occurs just prior to the initiation of 
vascular cambium. Following the establishment of periderm, the pri -
mary cortex, endodermis and epide rmis are sloughed off , as is the case 
in many dicot roots . 
The multiseriate xylem rays are more commonly formed in a radial 
line between the primary xylem poles and less frequently radiating from 
the primary xylem poles; unlike the condition in Pyrus (Esau 1943), or in 
many other dicot roots (Barghoorn 1940) . 
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HEIGHT GROWTH OF SCOTCH PINE SEEDLINGS IN RELATION 
TO PRE-CHILLING, PHOTOPERIOD AND PROVENANCE 1 
Keith F. Jensen2 and Gordon E. Gatherum3 
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Ames, Iowa 
A BS TRACT. H e i g h t g r o w t h o f S c o t c h p i n e s e e d 1 i n g s w a s 
determined in relation to (1) controlled photoperiods 
of 12, 16 and 20 hours, (Z) pre-chilling periods of 0, 
2, 4, 6, 8 and 10 weeks and (3) three provenances, nor-
thern Austria, west central Germany and east central 
Turkey. Height growth increased with an increase in 
photoperiod and with an increase in the pre-chilling 
interval. Height growth of the central Eur opean pro-
venances was greater than height growth of the Turkey 
provenance. The increase in height growth with an in-
crease in the pre-chillin g interval was related to an 
earl i er date of bud burst and _a faster growth rate dur-
ing the period of most active growth. Moreover, the 
effect of pre-chilling on height growth appeared to be 
interrelat ed with growing temperature and photoperiod. 
Scotch pine (Pinus sylvestris L.) provenance studies have been estab-
lished in Iowa to find variants, suitable for timber and Christmas trees, 
that are adapted to specific sites on Iowa's Fayette and Weller-Lindley 
soi·l series. Scotch pine was chosen because of its wide variation in 
characteristics necessary for growth and development on Iowa's diverse 
sites (J ens en and Gatherum 1965 ). In c onjunction with the field prove-
nance trials, controlled-environment studies are being conducted to de-
termine the effect of selected environmental factors on the growth and 
development of Scotch pine seedlings of various geographic origins. 
In an earlier stud,y, Jensen and Gatherum (1965) reported the effects 
of temperature, photoperiod and provenance on growth and development 
of Scotch pine seedlings. In one of the more striking interrelationships, 
seedlings that had been pre-chilled made more height growth than seed-
lings that had not been pre-chilled when grown under a short photoperiod. 
Conversely, pre-chilling had no effect on height growth of seedlings 
grown under longer photoperiods. The pres ent study was established to 
1 Journal Paper No. J-5361 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Proj ect No. 1456. 
2 Plant Physiologist, USFS, USDA, Delaware, Ohio. 
3 Professor, Department of Forestry, Iowa State University. 
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further investigate the effects of pre-chilling, photoperiod, provenance 
and their interactions on height growth of Scotch pine seedlings and, 
thus, ( 1) further identify and evaluate within-species variation and its 
causes in Scotch pine, and (2) provide additional data for future studies 
of juvenile-mature correlations of characters that could be used f or 
early selection of provenances for planting in Iowa. 
The effect of pre -chilling, photoperiod and provenan c e on growth of 
woody species has been studied by several investigators. Ashby (1962), 
Kriebel and Wang(l962)and P erry and Wang(l960) observed that chilling 
hastened the breaking of dormancy. In studies of American e lm, Roberts 
and Main ( 1965) found that the length of the pre- chilling period required 
to break dormancy could be shortened by a long photope riod. Perry and 
Wang (1960) found that seedlings from the northern part of red maple's 
natural range required pre-chilling to break dormancy , whi l e seedlings 
from the Everglades r egion of Florida had no pre- chilling requirement. 
For a more complete review of the effects of photoperiod, pre - chilling 
and provenanc e on growth of woody plants, see Dorman ( 1952 ), Samish 
(1954) and Wareing (1948, 1956). 
METHOD 
This study was established as a split -plo t experiment with complete 
randomization of what would ordinarily be the sub-sub-plot treatment 
(seed source) within the sub-plots (sub-plot treatments are pr e -chilling 
periods; main-plot treatments are photope riods ). Three replications 
were established of three photoperiods, 12, 16 and 20 hours. Nine hours 
of each photoperiod consisted of daylight with an average light intensity 
of 2,300 foot-candles. A combination of fluorescent and incandescent 
lights, with an average intensity of 40 foot-candles, was used to extend 
day-length to the desired interval. At the end of each pre-chilling inter-
val, 0, 2, 4, 6, 8 or 10 weeks, one seedling of each of three pro venances 
was placed within each photoperiod replication. Provenances used in the 
study were west central Germany, northern Austria, and east central 
Turkey (Table 1 ). 
Table 1. Origin of Scotch pine seed sources used in study. 
Source Latitude Longitude Altitude 
ON OE Meters 
W~st central Germany (81) 50 9 320 
Northern Austria (83) 48 16 650 
East central Turkey (113) 40 33 1500 
The seedlings, germinated in the nur sery beds in spring 1962, were 
potted the last week of October 1962 and placed in an unheate d greenhouse 
with a mean daily temperature of 48°F . At the end of the prescribed 
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pre - chilling interval, the seedlings we r e moved to the photoperiod 
chambers in a greenhous e w i th a mean dai l y temperature of 65 ° F . Height 
g r owth measurements were take n weekl y from bud burst until bud set 
and bi - weekly after this time . Data c o llected 84 days after the seed lings 
were placed in the p hotoperiod chambe r s were used in the h eight growth 
a n alys is. 
RES U LTS 
H e ight growth increased with an increase in photoperiod from 12 to 20 
hours and with an incr e as e in the lengt h of the pre - chilling period up to 
10 weeks . The east central Turkey sour c e made less g r owth than the 
wes t c e ntral Germany and northern Austria sour c e s. Although height 
g r owth of all sources incr e as ed w ith an incr ea se in photope riod, the 
magnitude of the incr e as e in height growth va ri e d among provenances, 
and the range of d iffe rences among provenances w as considerably greate r 
at the 20-hour than at the 12-hou r photoperiod (Fig. l and Table 2). 
The number of days to h eight g rowth initiation d e creased w ith an in -
cr ea se in the l e n gth of the pr e - chilling period . The mean dai l y height 
g r owth rate during the p er i od of most active growth incre ased with an 
increase in the l ength of the pre -chilling p e riod and photope riod (Fi g . 2 
a nd Tabl es 2 and 3). 
T able 2 . Analysis of varianc e of h e ight gr ow th and mean dail y he i ght 
growth rate 1 of Scotch pine s eedlings . 
MS MS 
Variation df Height growth Mean daily ht. growth 
rate 
Total 161 
Photoperiod (P) 2 57,104.02** 28.30** 
Linear (1) 112,262. 26** 55.57** 
Quadratic (1) 1,945.79 1.04 
Error A 6 723. 68 0.55 
Pre-chilling (Pr) 5 7,046.28** 4.50** 
Linear (1) 33,004.45** 21.14** 
Quadratic (1) 1,25 6.32* 1.12* 
Lack of fit (3) 323.54 0.08 
?xPr 10 437.62 0.26 
:>eed source 2 7,762.40** 3.84** 
:>xP 4 1, 632.68** 1.30** 
,xPr 10 256.65 0.20 
ixPxPr 20 352.41 0.32 
~rror B 102 285.74 0.27 
·Mean daily height growth rate was calculated for the 4-week period of most 
active growth. 
r*significant at the 1-percent level. 
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Figure 1. The effects of photope riod, pre- chilling and provenance on 
height growth of Scotch pine seedlings: A. P rovenances pooled; 
B. Photoperiods pooled; C. Pre-chilling periods pooled. 
Figures represent graphical smoothing through the pooled data 
(means) and do not represent fitted curves that might be derived 
from Table 2 . 
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Figure 2. The effects of photoperiod and pre-chilling on height growth 
patterns of Scotch pine seedlings, pro venances pooled. 
430 JENSEN and GATHERUM 
Table 3. Effects of photope riod and pre - chilling on mean daily h e i ght 
growth ratel of Scotch pine seedlings. 
Pre-chilling period Height growth rate (mm/day) at designated 
(weeks) Photoeeriod {hour} 
12 16 20 Mean 
0 0.06 0.63 1.37 0.69 
2 0.01 0.96 1.45 0.81 
4 0.11 0.81 1. 61 0.84 
6 0.41 1.40 1.72 1. 18 
8 0.34 1.79 2.04 1.39 
10 1.07 1.75 2.42 1.75 
Mean 0.33 1.22 1. 77 
lMean daily height growth rate was calculated for the 4-week period of 
most active g1:owth. 
DISCUSSION 
In reference to the study objective conc e rning independent genetic and 
environmental effects, height g row th of Scotch pine seedlings increased 
with length of photoperiod and length of pre-chilling period; and height 
growth of the central Europe an provenances w as greater than height 
growth of the Turkey pro ve nance . 
Increased height growth with increased photoperiod and greater height 
growth of the central Europe an provenances corroborates results re-
ported earlier (Jensen and Gatherum 1965 ). In silvicultural practices, 
superior rates of height growth of Scotch pine seedlings might be achie ved 
by use of artificial lights in the nursery to prolong photoperiod, bymove -
ment of seedlings to nurseries in areas of longer photoperiod and by 
selection of central European provenances. Howeve r, each practice must 
be effected within the limits of the potential danger of (1) freezing injury 
caused by the movement of seedlings into areas of longer photoperiods 
but lower temperatures, (2) freezing injury caused by prolonging growth, 
at the expense of hardening off, through artificially-extended photo -
periods, (3) selecting provenances of poor form, common in some parts 
of central Europe, and ( 4) producing seedlings with improper top/ root 
balance (Gatherum and Jensen 1964, Jensen 1964, Wright and Baldwin 
1957 ). 
Greater height growth with longer periods of pre-chilling was related 
to an earlier date of bud burst and a faster growth rate during the period 
of most active growth . In the treatment of nursery stock and planting 
sites, other treatments merely designed to effect an earlier date of bud 
burst may not be as effective as pre-chilling, which also effects an in-
crease in metabolic activity during the most active height growth period. 
In -reference to the study objective concerning interactions of genetic 
and environmental effects, height growth response to photoperiod varies 
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among provenances . Hei ght growth of central European sources, origi-
nating from habitats with longer day-lengths, was greater at the longest 
photoperiods than height growth of the Turkey source . However, height 
growth of pre-chilled seedlings was greater than height growth of non-
pre- chilled s ee dlings under all photoperiods. The absence of a pr e -
chilling x photoperiod interaction similar to that reported in an earlier 
study (Jensen and Gatherum 1965) may result from an interrelationship 
among pre-chilling, growing temperature and photoperiod that was not 
evident in the earlier study. Effects of pre-chilling on height growth, in 
relation to photoperiod, appare ntly are conditioned by pre-chilling and 
g rowing tempe ratures. In the earlier study, seedlings were pre -chille d 
for 11 week s at a mean daily temperature of 38°F and grown at a mean 
daily temperature of 71 ° F. In the present study , seedlings were pre -
chilled up to 10 week s at a mean daily temperature of 48 ° F and grown 
at a mean daily temperature of 65 ° F. P e rhaps the presence of a pre-
chilling x photoperiod interaction in the earlier study is related to the 
lower pre- chilling temperature, the higher growing temperature and/or 
the greater range between the pre-chilling and growing temperatures. 
The apparent interrelationship betwe en pre-chilling and growing tem-
perature als o was observed in additional studies of Scotch pine seedlings 
(Jens en 1963 ). In these studies, in whi ch no pre-chilling treatments were 
applie d, height growth after 130 days was greates t at the lowest growing 
temperature (Fig. 3). This may have resulted from a growing tempera-
ture that was sufficiently low and a period before growth initiation that 
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Figure 3. The effe ct of growing temperature on height growth patterns 
of Scotch pine seedlings. Curves represent pooled height growth 
patterns of three photoperiods , 14, 16 and 18 hours, and six seed 
sources ranging from central G e rmany to central Turkey (Jensen 
1963 ). 
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Inasmuch as height growth of Scotch pine seedlings is influenced by 
the temperature during dormancy and the length of the dormant period, 
these factors as well as photoperiod and growing temperature probably 
are important in the process of natural selection. Hence, artificial 
selection of planting stock for a specific region, in relation to height 
growth, probably should be based on a consideration of photoperiod, 
growing temperature, length of dormancy and temperature during the 
dormant period. Moreover, an assessment of the effect s of growing and 
dormant temperatures, photoperiod, provenance and their interactions 
on the growth and development of Scotch pine seedlings in greenhouse 
studies should provide criteria to test the feasibility of early selection 
of variants for field planting. 
Although the provenance x pre-chilling interaction was not significant 
in this study, the authors suggest that this relationship should · be inves-
tigated further by using variants from over the entire natural range of 
Scotch pine and by using pre-chilling treatments of greater length and of 
greater temperature range. Since length of the dormant period and tem-
perature during the dormant period vary greatly over the natural range 
of Scotch pine, an interrealtionship between provenance and pre-chilling 
is hypothesized. 
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EFFECT OF SEEDING RATES UPON SURVIVAL 
OF GENOTYPES IN OAT POPULATIONS 1 
R. Reyes and K . J. Frey2 
ABSTRACT. A composite of F 3 seeds from 250 oat cross es 
was used to determine whether seeding rate caus ed 
differential genotypic survival. Seeding ra tes used 
were 1, 3 and 5 bushels per acre (lin es of descent) for 
five consecutive generations (F 3 -F 7 ) . We conducted an 
experiment with 44 strains from ea ch of 17 populations ., 
the F 2 , five each (F 3 -F 7 ) from the three lines of des -
cent and a pure-line. Traits measured were number 
of panicles per plot, number of spikelets per panicle, 
grain yield, heading dat e and plant height. 
The population means for each trait in ea ch line of 
descent were sporadic. Number of panicles per plot 
d e creased in ea ch line of descent, spikelets per panicle 
and plant height increased, and grain yield and heading 
date showe d no c o nsistent change. Only for panicles 
per plot was there some evidence of a differential in -
fluence due to seeding rate. The reduction in panicle 
number was less for the ! - bushel line of d escent than 
for the other two . Shifts in a trait mean that were 
common to all lines of descent (e.g., increase in spike-
lets per panicle) were ascribed to segregation at loci 
that displayed dominant gene action. 
We concluded that variab l e seeding rates have little 
va lu e in modifying the genotypic structure of hetero-
geneous oat populations . 
INTRODUCTION 
The bulk method of plant breeding for self-fertilizing crop species 
permits the inexpensive propagation of both a large number of crosses 
and la rge numbers of plants within cross es . Inher e nt with this method 
is the potential for differential survival of the genotypes that compose 
1 Journal Paper No. J-5556 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa . Project 1176. In cooperation with the 
Crops Research Division, Agricultural Research Service , U.S. Depart-
ment of Agriculture. Received for publication January 5, 1967. Part of 
a thesis submitted by the senior author in partial fulfillment of the re-
quirements for an M. S. degree . 
2 Agronomist, Tibaitata Agr. Exp . Sta., I. C. A., Bogota, Columbia 
(commissioned by Quake r O ats Co.), and Professo r of Plant Bree ding, 
res pe cti vely. 
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the hybrid-derive d populations. A genotype may be cataclysmicly elimi-
nate d from th e population, but more often,it will be eliminated gradua lly 
b e caus e of an inferior r eproduction rate. 
Many e n vironmental factors, including fie l d husbandry practices, can 
influen c e the genotypic survival rates in het erogeneou s p opulation s : thus , 
some production practices can be modified to give a r e production advan-
tage to des ired ge noty p es . Actually, how this m e thod operates to chan ge 
genotype, and consequently gene frequencies, is close l y akin to n atura l 
se l e ction, but since the plant bre e der manipulates the environment to 
give favorab le selection , it als o has f e atures of mass selection. 
H ere in we studied the influence of seeding d e nsity, applied for five 
consecutive ge n eration s (F3-F 7), on the survival of ge notypes that con-
tro lle d the expression of grain yield, heading d ate, p lant h e ight, panicles 
per plant and s pi ke l ets p er panicle . 
LITERAT URE RE VIEW 
According to Allard (2), when several plant ge notypes compete in a 
bulk p l ot , their survival rates depe nd on two factors (a) the number of 
seeds produced by ea ch ge n otype and (b) the proportion of progeny plants 
from ea ch ge not y p e w hich r eaches the reproduction stage . This w as 
substantiated by J a in (6) w h o found t hat yie ld and fitne ss (measu r ed by 
seed numbe r p e r proge ny) of surviving lines were positively and linearly 
associated in C ompos ite Cross V of barley . 
Commonly, small grain variety mixtures are used for stud ying the 
effe ct s of natural se l ect ion and competition upon t h e composition of bu l k 
populations. Harlan and Martini ( 4) grew mixtures of 11 barley varieties 
in 10 states for p eriods of 4 to 12 years. One variety gen e rally dominated 
the mixture at each location, but the dominant var i ety differed from state 
to sta.te . And the variety that predominated w as not necessarily the hi gh-
est yi e lding . Sune son and Wiebe (20) also found that the survival of four 
barley vari e ties in a mixture bore no relationship to the variety yields . 
After 16 years of growing this m ixtur e in California, Suneson (1 8) re-
ported that Atlas, the lowe st yielding and most disease susceptible va ri-
ety , dominated the mixtur e . According to Laude and Swanson (9), wheat 
varieties with the best sur vi va l value in mixtures were the best adapte d 
ones. 
Hosino and Oka be ( 5) found that differential germination capacity 
among ric·e varieties was a survival factor in var i e ty mixtures . In a 
mixture of hard r ed spring and durum wheats , Klages ( 8) found that the 
durum component predominated because of a seve r e stem rust epiphytotic . 
According to L ee ( 10 ), Atlas' survival advantage ove r Vaughn barle y 
when a mixture of them was grow n in California, wa s due to the pre co-
cious root proliferation of Atlas in the spring. Thus, Atlas took early 
advantag e of the limited moistur e. The differenti al reproducti vity of the 
two varieties was manifeste d in diff e ring pr o portions of tillers that pro-
duced spikes . 
S everal persons have studied survi val of genotypes in bulk hybrid 
populations. Adair and Jones (1) grew bulk hybrid rice populations in 
three states for eight generations. In general, the genotypes that pro-
duced combinations of desired agronomic traits for a _  .given state were 
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the ones that survived at that location. Taylo r and Atkins (21) grew bulk 
populations of 20 barley crosses. for one to thr ee generations at four Iowa 
locations and found that yielding ability and maturity date were signifi-
cantly influe~ced by the location w here a population was propagated. 
Using Sakai's method (15)to determine competitive capacities of geno-
types, O ka (12) found that ric e va riet ies that gave high r es pons e to ferti -
lization when grown in pure stands, did not compe te we ll. Compe titive 
capacity was quantitatively inherited (17), low in heritability and not 
associated with any measured morphological or organic trait (12, 13, 16). 
Montgomery (11) r e ported that, (a) as seeding rate for wheat and oats 
increased, the percentage of plants surviving to maturity decreased and 
(b) competitive ability was not related to seed weight. With oats, Wiggans 
and Frey (23) found that number of panicle - bearing culms p er plant de-
creased with increased se e ding rates, but that rankings of varieties were 
similar with e ither space or solid seeding. Weber (22) found no yield 
differences among soybean lines selected from different seeding densi-
ties. 
MATERIALS AND METHODS 
First, we mixed F 2 oat seeds (5 gms per cross) from 250 crosses. A 
sample of these seeds was sown at Ames, Iowa, in 1957, to incr ease the 
seed supply, and another sample was stored. In 1958, the F 3 ' seed was 
sown at seeding rates of 10, 30, and 50 seeds per square foot (equivalent 
to 1, 3 and 5 bushels per acre). When mature, the plants in a plot we re 
harvested and threshed in bulk . Each plot contained approximately 90, 000 
plants and produced about 200 lb of seed. To obtain samples for 1959 
see ding (F 4 generation), the seed from ·one 195 8 seeding-rate plot was 
divided into 10 lots. Equal samples were taken from each lot to make a 
3, 000-gm composite for seeding and a 1, 000 - gm composite for storage. 
The 10 seed lots were sampled by extracting several random samples 
with a 30-gm beaker . We repeated the procedure of sampling, sowing 
and harvesting for five consecutive generations (F 3 - F 7 ) for each line of 
descent (i.e., 1, 3 and 5 bushels per acre). 
After the 1962 harvest, we had in storage 16 seed lots, six represent-
ing the progenies of F 2 through F 7 plants grown at the 3-bushel density, 
and 10 (i . e. , five each) representing the progenies of F 3 through F 7 plants 
from the 1- and 5-bushel densities. In 1963, we space planted 600 seeds 
from each seed lot. Six hundred seeds of C. I. 7555, a pure line , were 
also sown. When mature, the surviving plants were harvested and 
threshed individually. 
An experiment was conducted in 1964 to determine whether the three 
seeding rates had affected the survival of genotypes for several plant 
traits . The experiment contained 44 lines ( each derived from a 1963 
plant) from ea ch of the 17 populations (six from the 3 - bushel rate, five 
each from the 1- and 5 - bushel rates, and one pure line). We grew the 
748 lines in a randomized - block design with four replicates . Each plot 
was a hill sown with 25 seeds , and hills were spaced 30 cm apart in per - . 
pendicular directions ( 3 ). The experiment was surroun ded with three 
rows of hills to equalize competition. Both the seeding - rate and the 1964 
plots were sprayed with a fungicide at weekly interval s from anthes i s to 
maturity to preve·nt a rust epi phytotic. 
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The five traits-heading date , number of panicles per plot, number 
of spikelets per panicle, plant height and grain yield- were measured on 
each plot. A plot was considered h e aded when 50% of the panicles were 
completely emerged; the number of panicles w as counted in each plot; 
the number of spikelets per panicle was dete rmined for five panicles per 
plot; and 10 days before harvest, plant height w as r e corded as the num-
be~ of inches from the ground surface to the panicle tips. When matur e , 
the plants in the plots we r e harvested, thr e shed and weighed. 
EXPERIMENTAL RESULTS 
Population Means 
There w as significant variability among the means from the three 
seeding rates for each trait and also between populations (generations) 
within seeding rates (Table 1 ). 
When this study was initiated, we r easone d that the high- tillering 
genotypes might have a greater expressi vity, and thu s reproductive ad-
vantage, at a low than at a high seeding rate . If so, strains from the I-
bushel rate would produce more panicles per plot than those from the 3-
and 5-bushel rates, and the differential should be come greater in succes-
sive generations. Number of panicles per plot decreased in successive 
generations with each line of descent, but the I-bushel line decreased 
less rapidly than the other two (Fig. 1). The regressions for number of 
panicles per plot upon generations were -0. 12, -0. 32 and -0. 33 for the 
1, 3 and 5-bushel seeding rates, respectively. Thus, the total decrease 
in five generations was 0. 6 panicles per plot (2% of F 2 mean) for the I-
bushel and 1. 6 (5% of F 2 mean) for the 3- and 5-bushel rates. S eeding 
rates seemed to have some influence on the survival of genotypes which 
conditioned tillering response, but the population differentiation was 
small. 
For number of spikelets per panicle, the generation means within each 
line of descent were sporadic. There w as a slight tendency for this trait 
to increas e over gener_ations (Fig. 2), but there w as no line-of-descent 
differentiation. The regressions of spikelets per panicle were 0. 27, 0. 55 
and 0. 31 per generation for the 1, 3 and 5-bushel rates. 
Mean grain yields within each line of d escent were extremely sporadic 
(Fig. 3 ). The downward yield trend of the 3-bushel line of descent for 
generations F 2-F 6 corroborates the data of Romero and Frey (14) who 
studied lines from the same populations. However, the mean yield of the 
F 7 population was the highest for any population in any line of des cent. 
Except for the F 7 , the mean yields of the populations in the I-bushel line 
of des cent we re higher than the corresponding populations of the other 
two lines of descent. It may appear that planting rates caused slight 
modifications for grain yield, but the gene ration means among lines of 
descent were too sporadic to be meaningful. 
The seeding rates caused no population differentiation for heading date 
(Fig. 4). It appeared that heading dates of the oat populations were being 
modified in the early generations (F 3 and F 4 ), but later these trends dis-
appeared. 
Table 1. Pertinent mean squares from the analyses of variance of number of panicles per 
plot, number of spikelets per panicle, grain yield, heading date and plant height 
of oat strains tested in 1964. 
Mean s.9.uares 
Source of Degree s of Panicles Spikelets Grain Heading Plant 
variation freedom per plot per panicle yield date height 
Between rates of 
seeding 3 267-ld< 5204-l(* 325-l(* 211,6'k-/c 92 .1** 
Between popula-
tions within 13 11 9-1<-1, 5059** 193-1<-/< 92.3** 82. 7"''* 
rates 
Error 2241 23 381 13 1.6 3.5 
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Figure 4 . Mean h e ading dates for random oat strains from populations 
grown at 3 se eding rates in successive generations. 
440 REYES and FREY 
For all lines of descent the plant heights became taller in successive 
generations, but there was no line-of-descent differentiation (Fig. 5). 
The regressions of plant heights upon generations we r e 0. 10, O. 30 and 
0. 22 for the 1, 3 and 5 - bushel seeding rates. 
Several traits showed trends of change across generations. For ex-
ample, number of panicles p e r plot tended to decrease, and number of 
spikelets per panicle and plant height tend ed to increase. Of course, our 
primary purpos e was not to d ete rmine the trends of these traits~ se, 
but rather to determine wheth e r growing heterogeneous oat populations 
at thin (1-bushe l), normal (3-bushel), and heavy (5-bushel) seeding rates 
would influence the survival of genotypes that conditioned any of the 
measured traits. Number of panicles per plot was the only trait for 
which some differentiation among the lines of des cent was evident. 
On the basis of our data, it appears that abnormal seeding rates (i. e ., 
1 or 5 bushels per acre) of genetically heterogeneous oat populations are 
of little value as mass-selection procedures for modifying the genotypic 
constitution of the population. Of course, if seeding rates below 1 bushel 
or above 5 bushels had been used, greater differentiation might have oc-
curred. 
Genotypic Variances Within Populations 
As expected, no significant variability existed among lines within the 
pure-line, C. I. 7555, for any measured trait. There were, however, 
significant variances among lines within each of the 16 generation-line of 
descent combinations for all five traits. The genotypic variances within 
the F 2 and F 7 populations (Table 2) show two meaningful trends . First, 
number of panicles per plant was reduced in all three populations of the 
F 7 compared with the F 2 • Second, for all traits, the genotypic variances 
among lines in the I-bushel line of descent were lower for the F 7 gener-
ation than for the F 2 • However, neither trend was conclusive. In general, 
genotypic variances supported the conclusion that seeding rates did not 
cause differential genotypic modification of the heterogeneous oat com-
posites. 
Genotypic Correlations 
We calculated genotypic correlations among five traits, panicles per 
p l ot, spikelets per panicle, heading date, grain yield and plant height, 
using the formula (7): 
Covxy 
where Covxy is the genotypic covariance between two traits and O"~ and 
o-} are their respective genotypic variances. In general, genotypic cor-
relations between heading date and panicle s per plot, plant height and 
panicles per plot, and panicles per plot and spikelets per panicle were 
negative and low (Tabl e 3). With few exceptions _all other genotypic rela-
tionships between characters __ we:r.e _positive.. Ro..m.e..r.o _and Frey (14) also 
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Table 2. Genotypic variances among line means within F2 and F7 popula-tions for number of panicles per plant, number of spikelets 
per panicle, grain yield, heading date and plant height. 
Trait 
Panicles per plant 























** All variances given in this table were significant at the 1% level. 
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Figu re 5. Mean plant heights for random oat strains from populations 
grown at 3 seeding rates in successive generations. 
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Table 3 . · Ranges of w ithin-population genoty_pic corr e lati_ons among 
n umber of panicles per plot, number of spikelets ,per panicle, 





No. of panicles 
Heading date 
and 
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No. of panicles 
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Plant height 
No. of panicles 
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-0.36 to +0.17 
+o . 07 to +o. 94 
+0.32 to +0.78 
+0.27 to +0.78 
-0.68 t o +0.27 
-0.41 to +0.34 
-0.22 to +0.63 
+0.25 to +0 .92 
- 0. 94 .to +o. 84 
+0.29 to +0. 92 
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reported positive genotypic correlations between heading date and plant 
height, but they found strong negative genotypic associations between 
heading date and grain yield, and between plant height and grain yield. 
These sign reversals from one experiment to another obviously indicate 
genotype-environment interaction. In 1963, Romero and Frey (14) found 
that the short, early oat lines were the high yielding ones, whereas in 
1964, we found that late, tall strains produced high yields. 
DISCUSSION 
As pointed out by Taylor and Atkins (21 ), the results from studies on 
natural selection operating upon mixtures of pure-line varieties and upon 
bulk hybrid populations have not been similar. In a barley variety mix-
ture grown in California, the predominant genotyp e after years of natural 
sele ction was the best competitor, Atlas, not the most productive pure 
line, Vaughn (18, 20). At the same station, however, the predominant 
genotypes in a barley composite of hybrid origin after many generations 
of natural selection were high yielding when grown as pure lines (6, 19). 
This illustrates the importance of us ing hybrid-derived and not variety-
mixture populations when experimenting with mass and natural selection 
procedures. 
Suneson (19) and Jain (6) reported a continual and significant increase 
in yield of hybrid-derived barley populations and lines within populations, 
when they subj e cted this material to natural selection for many genera-
tions. Neither we nor Romero and Frey (14) showed a similar trend with 
oats grown in Iowa through the F 7 • Of course, there may be several 
reasons for these contrary results. The California studies were con-
ducted over many more generations than the Iowa studies, and additional 
generations at the latt~r site may have produced more . obvious trends. 
Also, oats may react to natural selection differently from barley. After 
all, Taylor and Atkins (21) found that bulk hybrid populations of barley 
we re genotypically modified in low§)-, 
Perhaps a more lo gical explanation is that the environments of Cali-
fornia and Iowa have different patterns. Seas onal weather patterns in 
California during the small grain growing season may be less variable 
from year to year than in Iowa. The genotypic relationship reversals 
b e tween yield, plant height and heading date from 19 63 to 1964 indicate 
the genotype-environment interaction that can occur in Iowa. Obviously, 
it wc;mld . be difficult to initiate a significant modification of a hete rogene-
ous population if se l ection is in opposing directions in consecutive years. 
This is a significant factor to consider when the bulk method of plant 
breeding is used . 
For several traits (i.e., panicles per plot, spikelets per panicle and 
plant ,h e ight) the re was a tendency for the population means of all three 
lines of descent to shift away from the F 2 mean. This may have resulted 
from natural sele ction. But even though natural selection may have oc-
curred, these shifts were more likely due to segregation. Oats is a self-
fertilizing species; therefore, the heterozygosity is reduced by. half in 
each successive generation, and within a few generations, all loci are 
essentially in a homozygous state. If dominanc e functions in the ,geno-
typic expression of a trait, that trait will regress to a midvalue between 
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the r e c essive and dominant classes in successive ge nerations. On this 
basis, our oat population showed dominanc e for high numbe r of panicle s 
p e r hill, low numbe r of spike lets per panicle and short plant h e ight. 
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AGE AND GROWTH OF WALLEYE AND SAUGER IN POOL 11 
OF THE M ISSISSIPPI RIVER 1 
Fred W. Vasey2 
A BS TRACT. W a 11 e y e s , S t i z o s t e d i o n vi t r e um ( M i t c h i 11 ) , 
and saugers, §_. canadense (Smith), were collected with 
an electric shocker below Lock and Dam 10 in the Mis-
sissippi River in April, 1957, 1958, 1959, 1961 and 1962 
b y t h e I ow a C o n s e r vat i o n C o mm i s s i o n. F e ma 1 e w a 11 e y e s 
and saugers were mor e abundant than males in the col-
lections except in 19 61 . C ollection at various s 'tages 
of the spawning period probably caused the variatio n 
in sex ratios and length frequencies for different years. 
Condition factors diff e red significantly between sexes 
and species but not b e twe e n years of collection. The 
mean condition factors were 41. 8 for female walleyes, 
36. 9 for males, . 37. 4 for female saugers and 33. 7 for 
males. In each group weight increased more rapidly 
than the length cubed. Females grew more rapidly than 
the mal e s after the third year of life. The oldest male 
walleye was age V compared with age XI females. The 
·oldest female saugers were only one year older than 
the oldest males, age VI. S elective sampling and use 
of direct proportion for calculating previous lengths 
were probable causes of Lee's phenomenon. Growth 
rates of both species in P ool 11 were faster than aver-
ages reported in most other waters, but not as rapid 
as in new reservoirs . 
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E xpe riment Station, Ames , Iowa . Project No . 137 3 of the Iowa Co opera-
tive Fishery Unit, sponsored by the Iowa State Conservation Commission, 
Iowa State University of Science a nd Technology and the Bureau of Sport 
Fisheries and Wi ldlife, U .S. Fi sh and W ildlife S ervice . Most of this 
r esearch was completed while the author was employed by the Biology 
S ection of the Iowa State C onservation C ommission , and is part of the 
the-sis submi tted in his M aster of Science program. 
2 Now Fishery Research Biologist, Missouri D epartment of Cons ervation·, 
Columbia, Missouri . I exp r ess my appreciation to Dr. Kenneth D. Car-
lander for his guidance in the study , to Rog er Schoumacher of the Iowa 
Conservation C ommission for encour a gement and supervision, and' to the 
Iowa C o ns e r vation C ommi ssion. 
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INTRODUCTION 
Walleyes and saugers congregate in the tailwaters of Dam and Lock 10 
at Guttenberg , Iowa, on the Mississippi River each April. Although im-
mature as we ll as mature fish are taken, the c on c e ntrations are probably 
associated w ith spawning. Similar c oncentrations are found in some of 
the other tailwate r areas . In 1957, the Iowa State Conservation Commis -
sion began a study of these fish at Guttenberg , f inanc e d through Dingell-
Johnson Proj e cts F-53-R and F-67-R. Primary objectives of the study 
we re to determine: ( l) angler exploitation , ( 2) movement and' migration, 
and (3) salient life histor y features (Clea ry, 1960). Saugers and wa ll-
eyes were therefo re tagged in April 1957 , 1958 , 1959, 1961 and 1962. At 
the same time l ength and weight dat a and scales we r e collected for age 
and growth studies, whi ch are reported in the present pape r. 
Data we r e colle cted from 3 , 378 s augers and 1,722 w alleye s in the 5 
years. All fish were collected with a shocker and a 3-electrode system, 
boom-rigged on a 20-foot flatbottomed boat. A 230 - volt AC, Hi-cycle 
Homelite ge n erator was used as a source of elect rical power. Worke rs 
were separated into three groups . One group stayed in an e nclosed fish-
ing boat tagging fish w ith the other two g roups collecting fish from a 
"s hocker boat" and a "pick-up boat. " The pick-up boat ran behind the 
shocker collecting stunned fish which we re carried downstream by the 
strong currents in the collection area. The pick-up boat accounted for 
about half of the fish captu r ed (Cle ary , 195 8) . All collections w er e made 
in lat e afternoon and e arly evening whe n the fish were in water shallow 
e nough to be taken with the shocker. Both species returned to the deepe r 
w ater b e tween 9:00 and 10:00 P. M . The sample includes few fish unde r 
11 inches as that w as the minimum si ze tagged. 
SEX RATIOS 
Males we re recogniz ed by the flow of milt w hen the abdomen w as 
press e d. Females were recognized by flow of eggs or by w idely dis-
tended abdomens. Fish that showed none of these characteristics we re 
class e d as immatures. F e male s outnumbered males in both species each 
year except 1961 (Table 1). 
Harlan and Speaker (1956, p. 144) stated that in capturing spawning 
walleyes in Spirit, Cle ar and Okoboji Lakes , the males usually appear 
first with large r numbe rs of females e nte ring the catch toward the peak 
of the spawning season. Eddy and Surber (1947, p. 212) and Eschmeyer 
( 1950) also indicate that male w alleyes usually precede th e females by a 
f ew days in the spawning run. The t w o extremes in sex ratios for both 
specie s occurred in 1959 and 1961, each w ith only 3 days of collecting . 
With the assumption that the spawning period occurred at approximate ly 
the same dat e both years , early male migration may account for the pre-
dominance of males in 1961. Similarly, the large ratio of females in 
1959 could b e associated with the middle or pe ak of the spawning period. 
Most of the larger fish of ea ch species e ach year were females. 
{Figs. 1,2). 
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Table 1. Percentage of immature and sex ratios of mature walleye and 
sauger from each yea~'s collection. 
Collection Sauger Walle;y:e 
Year dates in Im- Im-
April matures Males Females matures Males Females 
1957 2,3,4,8,9,10 12.4 36.7 63.3 21.3 48.9 51.1 
1958 7,8,9,10 13.1 20.6 79.4 35o2 47.5 52.5 
1959 13,14,15 6.4 14.6 85.4 5o3 12.6 87.4 
1961 4,5,6 6.4 54.8 45.2 13.2 67.2 32.8 
1962 9, 10,11,12 11.9 45.5 54.5 20.5 46.4 53.6 
Mean 9.9 36.8 63.2 18.5 41.6 58.4 
CONDITION FACTORS AND LENGTH-WEIGHT RELATIONSHIPS 
Since most of the fish were in spawning condition, they probably had 
higher condition factors than at other times of the year, th;:i.t is, they 
were plumper or heavier for their lengths (Table 2). A 2 x 2 x 5 factorial 
analysis of variance (Table 3)indicated significant differences in the con-
dition factors between species and between sexes, but not between years. 
Since there was no significant difference in the mean condition factors 
for the years, data were combined for analysis of effe ct of length on con-
dition factor (Table 4). F or each sex in both species, condition tends to 
increase with increasing length. That the smaller fis h we r e immature 
and not yet producing sex products may have been part of the reason for 
the trend, but even whe n all fish were mature, condition increased with 
length . Differences between condition factors of male and female wall-
eyes are not consistent until after 15 inches of length. 
Data from the 5 years were also combined before subsampling to de-
termine the length-weight relationships (Tables 5 and 6). The following 
equations fit the data we ll: 
89 male walleyes 
150 female wa lleyes 
94 male saugers 
100 female saugers 




-2. 7514 + 3. 2618 Lo g L 
-2. 8991 + 3. 3959 Log L 
2. 8130 + 3. 2905 Log L 
3. 0248 + 3. 4892 Log L 
The probability that each population regression coefficient differs 
from 3. 0 (or the "cube law") w as determined by a "t" test. In each case., 
the probability was greater than 0. 99 that the difference between the ob-
served regression coefficients and 3. 0 was due to a real difference in the 
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Table 2. Mean condition factors for walleyes and saugers collected in Pool 11 of the 
Mississippi River, 1957 to 1962. Numbers in parenthesis represent number of fish. 
Weighted 
1957 1958 1959 1961 1962 mean 
Walleye Male 38.3(12) 3409(30) 36.7(15) 35.0(35) 38.4(72) 36.9(164) 
4J.5(39) 42.2(36) 39.9(74) 40.7(2.3) 43.1(99) 
fTj 
Female 41.8(271) ~ 
M 
Mean 42 • .3 (51) 38 • .3(66) 39.4(89) .37 • .3(58) 41.1(171) 40.0(435) t:J 
~ 
Sauger Male .36.5(5) 28.3(1.3) 31.3(8) .3201(28) 35.1 (88) .3.3. 7 (142) < ;i:, 
CJ) 
Female 39.3(42) 34.8(6.3) 36.0(67) 37.1(25) 39.4(91) .37.4(288) M K! 
Mean 39.0(47) 33.7(76) 35.5(75) 34.5(53) 37.3(179) .36.2(430) 
---
l/ 5 
C(TL) = .Ji!lQ__ where W =weight in pounds and L= total length in inches. 
L3 , 
~ \ 
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Table 3. 2x2x5 factorial arrangement of analysis of variance and tests 
for differences in condition factors between sex, species and 
years. 
Source df ss MS F 
Years 4 53.64 13.41 5.54 
Species 1 72.96 72.96 30.15** 
Sex 1 135.20 135.20 55.87** 
Years X species 4 13.37 3.34 1.38 
Years X sex 4 5.68 l.42 0.59 
Species x sex 1 1.46 1.46 0.60 
Years X species x sex (confounded) 
Error 4 9.67 2.42 
Total 19 291.98 
**Significant at the .0l level. 
and sauger from Pool 11 of the Mississippi River increase faster than the 
cube of their lengths. It has already been noted that the condition factors 
increased as length increased . Greenbank ( 19 50) reported sauge rs from 
the Upper Mississippi River had a regr e ssion coefficient of 3. 28 and 
walleyes from the same area had a regression coefficient of 3 . 50. The 
walleye regression coefficients are higher than those found by Carlander 
(1945), Cleary (1949), Rose (1951) and Schmulbach (1959). The male 
sauger regression coefficient is higher than those reported by Carlander 
(1950) and Higgins(l936)but lower than those found in the Missouri River 
(Vanicek, 1964; Shi e lds, 1955 ). The regress ion values may be unusually 
high b e cause the smaller fish we r e immature and the larger fish full of 
sex products . Analysis of covariance demonstrated that the slopes for 
the females were significantly greater than those for the males in both 
species. 
SCALE ANALYSIS 
Scales were taken from 218 sauger during 1960, 1961 and 1962 and 152 
walleyes during 1961 and 1962. Scales were taken from the area ventral 
to the anterior dorsal fin and above the lat e ral line. Scale impressions 
were prepared for projection with a roller-pr ess similar to that described 
by Smith ( 1954). The impressions were analyzed at a magnification of 
44X, using a projector similar to that described by Van Oosten , Deason 
and Jobes (1934). The criteria used to identify the annuli were : 
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Table 4. Mean condition factors for male and female walleye and sauger 
at various lengths with collections for all years combined. 
Figures in parenthesis represent number of fish. 
length W~lle;Ie §s&~e.: 
Male Female Male Female 
9.0-9.9 .3:l!.4(2) 
10.0-10.9 .31 • .3(8) 
11.0-11.9 34.9(2) .31.7(17) 3.3.6(4) 
12.0-12.9 .33.2(4) .35.1(4) .31.7(25) .31.4(17) 
13.0-1.3.9 .35.8(20) .35.4(18) .3a.8(20) .33.7(.31) 
14.0-14.9. .36.8(20) 36.9(18) .34.9(15) 35.8(.35) 
15.0-15.9 .36.6(29) 37.3(15) .36.1(1.3) 37 .·8(36) 
16.0-16.9 35.8(31) 39.2(14) .36.2(14) .37.9(28) 
17.0-17.9 37.1(19) 39.6(18) 35.9(12) 38.8(40) 
18.0-18.9 39.1(14) 41.5(17) .35.4(12) 39.8(41) 
:,..9.0-19.9 36.5(11) 41.7(20) .33.5(.3) 38.6(25) 
20.0-20.9 40.6(5) 43.1(28) .32.5(1) 39.5(15) 
21.0-21.9 40.2(4) 44.0(37) 42.7(6) 
22.0-22.9 44.6(25) 
2.3.0-23.9 42.4(3) 45.2(15) 
24.0-24.9 39.1(2) 42.2(17) 
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Table 5. Wei6hts of male and fen&.le ,ra.l lE:yes by . l inch lengt h gr ollps , : a ncl 
deviation of mean weii=;ht fron wcit:;hts cal2u2.c:. ;:,cd by formulae 
given in text . 
Males Fer.ia les 
Number Mean Weight in pounds Number Hean Weight in pound. z 
of l ength of length 
fish inches Range Mean Deviation fish i nches ~nge Mean Deviation 
2 11 . 35 . 50- . 52 . ~51 +. Cl 
4 12 . 35 • 50-. 7_0 . 63 - . 02 3 . 12 . 10 . 60-. 70 ~63 +. 03 
10 13 . 5L, . 80-. 91 ..• 87 +. 01 10 13. 50 . 80 -1 . 00 ·¥ -.01 
c·' 10 14. 48 1 . 00-1 . 20 1 . 09 0 10 14 . 53 1.00-1. 40 1_. J'8 +. 07 
10 15. 40 l . J0- 2 ;00 1 . 39 +. 07 10 15 . 42 l . J0-1.,5O 1 . 33 -. OJ 
10 16. 48 1 . 40- 1 . 90 1.60 - . c6 10 16 . 4/+ 1. 50- 2 . 00 l ,~66 -. 02 
10 17. 26 1 . 70- 2 . J 5 1 . 90 - .04 10 17. 52 1 . 75- 2 . 40 2 . 11 +. Cl 
10 18 . 23 2 . 10- 2 . 45 2 . 33 +.05 10 18. 43 2 . 00- 3.10 2 . 58 +. 09 
10 19 .40 2 . 20- 3 . 05 2 .76 -. 06 10 19 . 50 2 . 20- J . '50 ' 3 . 06 +.CJ 
5 20. 56 3.20-3 . 75 J . 33 -. 09 10 20 . 47 3 . 10- L,. 60 3 . 7C +. ll 
4 21 . 43 2 . 68- 4 . 10 3 . 96 +. 08 10 21.27 3 . 60- L, . 80 4 . 15 +. 08 
10 22 . 31 4 . 50- 5. 14 4 . 76 -.02 
2 2_3 . 30 5. 50- 5._80 5. 65 +. 54 10 23 . 55 5. 20-6 . 40 5. 80 0 
2 24. 65 5. 20-6 . 50 5. 85 -. 33 10 24. 38 5. 60-7. 20 6.27 -. 22 
5 25 . 38 5 . 78-8. 90 7.04 . -.40 
... 10 26 . 29 8 . 00-10 . 70 8. 93 ,+.55 
7 27.36 8 . J0-10 . 50 9 . 59 -. 04 
4 28 • .35 , 8 . 20- ll . 50 9 . 73 - 1 .17 · 
l · 29 . 0 12 . 00 +. 30 
,_: 
Table 6. Weights of male and female saugers by 1 inch length groups, and ~ u, 
deviation of mean weight from weights calculated by formulae 0--
given in text. 
Males Females 
Number Mean Weight in pounds Num.ber Mean Weight in pounds 
of length of length 
fish inches Range Mean Deviation fish inches Range Mean Deviation 
2 9.85 - .30 +.01 
8 10.51 .33-.40 :.36 +.01 
10 11.68 .40-.60 :.50 0 4 11.68 .45..;.65 .54 +.04 f-Ij 
10 12.70 .50-.80 .64 -1.01 10 .61 
~ 
12.59 .40-.75 -.04 M 
tJ 
10 13.52 .60-1.00 .so 0 10 13.36 .70-.90 .80 -.01 ~ 
10 14.61 .80-1.20 1.07 +.02 10 14.45 .90-1.40 1.12 +.06 <: 
► (/) 
10 15.44 1.15-1.45 1.32 +.08 10 15.49 1.20-1.60 1.42 +.07 M 
i-< 
10 16.53 1.20-1.80 1.62 +.06 10 16.38 1.40-1.90 1.63 0 
10 17.45 1.80-2.00 1.92 +.03 10 17.44 1. 70-.2.30 2.04 +.02 
10 18.42 1.95-2.'70 2.22 .... 01 10 18.49 2.20-.2.70 2.52 +.02 
3 19.26 2.25-2.70 2.40 ... 22 10 19.33 2. 70-3.20 2.79 -.10 
1 20.0 - 2.60 ~.34 10 20.30 .3.00-3.85 3.47 -.03 
6 21.10 3.35-4.02 4.02 +.07 
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(1) crowding of the circuli; (2) a wide space between series of circuli 
particularly at the antero-lateral fields; and (3) anastomosis or "cross-
ing over" of the circuli, especially in the lateral fields. Anastomosis of 
the circuli in the lateral fields proved the most reliable criterion for 
annulus recognition in both species. Anastomosis of only a few circuli 
did not necessarily indicate an annulus. What was believed to be a false 
annulus appeared quite frequently about midway betwe e n the focus and 
the first annulus in both species. This annulus-like formation may b e 
associated with a transition in food habits of the young-of-the-year fish. 
Niemuth, Churchill and Wirth (1962) state that fish first appear in the 
diet of walleyes in Wisconsin from 3 inches up and plankton is unimpor-
tant from 6 inches up. The positions of the focus, various annuli and 
the anterior margin of the scale were recorded on stiff strips of paper 
to be used on a nomograph as described by Carlander and Smith (1944). 
Scales were read following a method similar to that discussed by 
Carlander (1961). The only exception was that the scales from each fish 
were read and reread until three readings agreed. Methods described 
by Carlander for avoiding bias we re followed explicitly. 
The general validity and necessary assumptions of the scale method 
for aging fish have been discussed by Van Oosten (1929). Scales have 
been used for many studies of walleye and sauger growth (Carlander, 
1953 ). The data generally agreed w ith the following criteria set forth 
for annulus validity by Hile ( 1941 ): 
1. Correlation between age and size. 
a. Increase in the number of annuli is accompanied by an 
increase in the size of the fish (Tables 7 and 8). 
b. Modes of the length frequency distribution (Figs. 1, 2), 
insofar as they can be detected, coincide with mean lengths 
of age groups based on scale readings for the early years of 
life (Tables 7 and 8). 
2. Agreements among calculated growth histories. 
a. Lengths at the end of various years of life calculated from 
scale measurements (Tables 7 and 8) agre e w ith the corres-
ponding lengths at capture of various age groups whose ages 
we re determined by scale examination. Lee I s phenomenon 
tends to mask this agreeme nt the first two years of life. 
b. The re is gene rally good agreement among the data on the 
calculated growth of fish of different age groups of the same 
year class (Tables 7 and 8). The agreement of growth 
histories for age V and VI male saugers of the 1956 year 
class is closer than the agreement among ages V and VI of 
the same sex from different year classes (Table 8). Agree-
ment for ages III and IV male walleyes of the 1958 year class 
is also good (Table 7). 
In general, sauger scales were more difficult to read than walleye 
scales from the Mississippi River. 
Plotting of body-scale data suggested intercepts which we re outside 
the usual range. The lack of small fish in the sample probably gave poor 
estimates of intercept values. The lengths at various annuli were there-
fore computed from the scale measurements by the direct proportion 
method (the Dahl-Lea method of Lagler, 1956, p. 152), even though it is 
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Tab le 7. Mean calcu l ated total length at each annulus for walle yes from various year classes 
Nurrber b Mean weight 
Year 
a 
of Mean calculated total length at each annulus in pounds 
class A9e Sex fish 3 r; 5 /; 7 s 10 11 at ca e ture 
1960 I IM 8. 7 .22 
II IM 6 .0 13.3 1.16 
II M 6.4 13.7 .94 
II F 6.5 14 . 0 1.04 
1959 II IM 13 6.4 12.9 • 75 
II M 16 6.8 13.1 • 79 
Ill M 16 6 . 3 11.7 16.8 1.81 
II 2 7. 5 14. 1 .97 
111 7 7 .2 12 . 9 17 . 7 2 .33 
1958 Ill IM 4 5 . 8 11.2 15.4 1.42 
Ill M 16 5. 7 11.9 16 .2 1.58 
IV 5 5.6 11.5 15. 7 18 .8 2 . 54 
Ill 3 4.9 11. 7 16.0 1.57 
IV 10 6 . 2 12 . 1 16 . 9 20.2 3 -57 
1957 V M 5, 8 11 . 3 16.8 19.2 20 . 8 3.53 
IV F 6 . 6 11.0 16.2 20 . 2 2.98 
V F 6 .2 11.0 15 . 4 19.1 21. I 4,25 
1956 V 5-3 9 , 9 15.0 17 . 5 19 .2 2 . 57 
V 5.2 9 . 9 15.8 19.1 21. 7 4 .08 
VI 6.8 11. 7 16 . 9 20 .0 21.8 23 .2 5. 58 
1955 VI 5 .4 10 . 9 16 . 3 20.3 21.8 22.8 5. 68 
1954 VI I 6 . 2 11. 9 17.2 20.3 22 . 3 23 . 5 24. 7 5 . 98 
1953 VIII 7 . 3 11. 5 14 . 9 18 .4 21.1 23. 7 24 . 8 25 . 6 5. 78 
IX 5.8 9 - 7 14.4 17 .8 20 .8 22 . 4 23 .6 24.6 25.6 7 .35 
1952 X F 6.0 9 . 3 13.7 I 7.4 20. 7 22 .3 23 .o 24 . 3 25.2 26 . 0 8.10 
1951 XI 4.1 8 . 5 13 .8 18 .6 20 . 1 21.9 23 .2 24.5 25 . 5 26 . 3 26 . 8 9 . 50 
Combined 6 .2 12 . I 16.3 18 .4 19 . 7 
Increment 6 . 2 5 . 9 4. 7 2 .8 1.7 
Nurrber 64 64 43 11 6 
Combined 6 .2 11. 8 16 .4 19 .6 21.6 23 .o 24 . 0 24. 7 25.5 26.2 26.8 
Increment 6 . 2 5.6 5.0 3,4 2. I 1.4 I.I 1. 1 1.0 0.8 0 . 5 
Nurrber 60 60 51 41 29 8 5 4 2 I 
Combined 6.9 12. I 16.3 19 .4 21.3 
Increment 6 . 9 5.2 4 . 8 3 . 3 2.1 
Number 152 148 97 52 35 
aIM = inmature; M = male; · F = female. 
bThe lengths at 1 as t annu I us are 1 engths at capture. 
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Table 8. Mean calculated tota l length at each annulus of sauger from various year cl asses 
Nuntier b 
Mean we, g t 
Year· 
a 
of Mea n calculated total 1 en9th at each annu 1 us in pounds 
c 1 ass Age Sex fish 2 3 4 5 6 at capture 
1960 II IM 6 . 0 11 . 5 . 43 
II M 6 .2 12 .4 . 68 
II F 5, 6 12 , 3 1.60 
1959 II IM 6 5, 4 10 . 7 . 38 
II 23 6 ,5 11 .3 -~" 
III 20 · 5 . 5 10 . 3 14 .4 1.09 
III 9 6 . 2 11. 0 15. 6 1.51 
1958 II 18 5,4 11. 0 . 74 
II I IM 2 5,3 10 . 1 13 , 4 . 79 
III M 14 4 . 6 9.9 13 . 5 1.49 
IV M 5 6 . 0 11 .o 13 . 7 15 . 9 1. 26 
III F 8 6 . 1 11.4 14 . 9 1.96 
IV 15 5. 5 10 . 0 13 . 6 16 . 9 
1957 III 14 6 . 7 11. 3 14 . 4 
IV 6 5 .8 10 . 8 14 . 1 15 . 4 1. 23 
V 6 . 4 10 . 7 14 . 3 16 . 1 1 7 . 5 1.88 
IV 6 . 7 12 . 7 15 .8 17 .o 1 . 87 
V 6 . 0 11.0 14 . 7 16 . 7 18 . 1 2 , 45 
1956 IV u 10 5 . 4 9 . 6 13. 7 16 . 6 
V I M 1 6 .2 11. 5 13. 5 15 .9 17,4 I . 85 
V M 2 6.1 9 .4 13 . 4 15.8 16 . 7 1. 53 
VI 1 5 . 2 9 , 4 13 . 8 15 .2 16. 1 I 7, 1 1. 80 
V 7 5 . 2 9 , 7 14 . 0 16,3 17 . 6 1. 89 
VI 2 4. 7 8 . 6 14.2 16.9 18 . 4 19 . 7 3 . 10 
1955 4 . 8 9 , 6 12. 7 15 . 2 16 . 8 
VI 2 6.6 11.6 14.3 16 . 6 17 . 6 18 . 7 2 , 33 
VI 21 5, 3 10 . 3 I 3 , 5 16 . 0 17 .8 18 . 9 2 . 62 
VT! 5 5. 7 10.6 13 . 7 16 . 8 18 . 6 19.4 20 . 3 3 . 54 
1954 VI 4 . 2 8.1 11.7 14 . 8 17 . 3 18 . 7 
VII 6.6 10 . J 14. 2 16 .8 18.1 19 . 2 20 . 1 3 . 10 
Cont,i ned M 5 ,8 IO . 7 14 . 0 I 5, 7 I 7. 3 18.2 
Increment M 5 , 8 4 . 9 3 . 7 1.8 1. 0 1.1 
Number M 76 76 51 17 6 3 
Cambi ned 5 , 7 10 .6 14 . 2 16. 5 18 . 0 19 . 0 20.2 
Increment 5, 7 4 . 9 3 . 6 2 .6 1.6 1.1 0 . 9 
Numb e r 82 82 81 64 44 31 8 
Combined 5. 7 10 . 6 14 . 0 16.J I 7. 7 18 . 9 20 . 2 
Inc remen t 5. 7 4. 9 3 . 6 2 . 5 1.6 1.1 0 . 9 
Nuntier 208 208 166 99 58 35 8 
a IM = i rnna t ures; M = ma 1 es; F = females; U = u nknown . 
blengths at last annulus are lengths at capture. 
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recognized that the l engths at the earl y years of life are, therefore, 
more approximate than if a more exa ct formula would have be e n avail-
able . As all colle ctions we r e made in ear l y April before any appreciable 
growth occurred in eithe r species the total l e n gth at capture wa s assumed 
to represent the length at the n ext annulus formatio n. 
GROWTH 
The l e n gth frequ e ncies (Figs . 1. 2) do not give much evidence of age 
groups . Female wa lleyes in the 195 8 colle ction perhaps show peaks at 
1 5 . 5, 1.7. 5 , 20. 5, 22 . 5 and 24. 5 inches , which correspon d to ages III 
through VII; in the 1 959 colle ction peaks at 15 and 20 . 5 inches; and i n the 
1962 collection p e aks at 13 and 19. 5 inches . Mal e w alleye s in the 1961 
colle ction show peaks at 14, 1 6 , 17. 5 and 19 inches corresponding to 
a ges II through V. F e mal e saugers show pea ks in the 1957 collection at 
14 , 16. 5 and 17. 5 , possibly representing ages III through V, peaks at 14 
and 16. 5 in 1958 ; 14 . 5 and 1 6 . 5 in 1959 ; and peaks at 14, 16 . 5 and 17. 5 
inches in the 1961 collection. 
The oldest male wa lleyes aged by the scale method we r e ag e V, but 
females we nt to age XI (Table 7). Some males and females were sexually 
mature at age II, in both species . Ni emu th ~t ~. ( 1962) r e porte d male 
wa lleyes from most populations b e come mature whe n two or three years 
old and females mature w h e n four or five years old . Harlan and Speake r 
(195 6 ) state that saugers matur e in their third or fourth yea r of life. Male 
saugers (Table 8) up to age V I were found and the o ldest females we r e 
only a ge VII, not showing the sex differe nc e in longevity o bs e rve d in the 
w alleyes. 
Walleyes grow more rapidly than saugers from th e Mississippi River 
(Fig. 3). In both species, females grow more rapidly than males after 
the third year of life . L ee 's phenomenon is evi dent in some of the data, 
that is; the younger fish appe ar to b~ growing mor e rapidly than did the 
older fish when they we r e young , as indicated by the lengths calculated 
from scale measurements. P ossible explanation for L ee 's phenomenon 
have been discussed by several autho r s (Van O osten , 1929; Hile, 1936). 
S e l ecti ve s a m pling could b e a possible explanation in the Mississippi 
River data, as an effort was made to collect only fish larger than 11 in. 
to be tagge d. This would r esult in collecting only the fastest growing 1, 
2 and 3 year old fish . Inco r r ect techniques of back calculating of size 
from the annulus measurements may also be to blame for L ee's phe-
nome non. Because n o suitable body- scale re lationship was found the 
scale annuli were take n as dire ctly prqportiona l to the body length w h e n 
th.ey we r e probably proportional to l ength minus a constant v alue . This 
r ~ sults in the calculated fir st-ye ar g row th always being too small, and 
it becomes smaller, the greater th e age of the fish. 
Rouns efe ll and Everhart (1953; p. 319) state the Walford's transfor-
mation of a growth curve provides two g r owth characteristics: the slope 
of the line and the ultimat e length or the theoretical max imum length 
attainable. The straight line fit by the least squares method for the 
average w alle ye growth cur ve gave a slope , b, of 0. 749 and a maximum 
length of 2 7. 5 inches. Th e mean calcu lated l e ngths at each annulus can 
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Fi gu r e 3. Growth curves of male (B) and female (A) w alleye s and male 
(D) and female (C) saugers, Pool 11, Mississippi River. 
lengths w ith the formula: 
Lt+ 1 = 2 7. 5 ( 0. 2 5 1 ) + 0. 74 9 Lt. 
Calculate d lengths at each annulus for the sauge rs can be approx imated 
by starting at 5. 7 inches and continuing w ith the formula: 
Lt+ 1 = 2 1. 8 ( 0. 2 61 ) + 0. 7 3 9 Lt. 
Grow th of both w alleyes and saugers in the Mississippi River is above 
the average reported for most other waters (Tables 9 and 10) but is below 
that reported for Norris Reservoir, T e nnessee and Lew is and Clark 
Reservoir, S outh Dakota. In both of thes e reservoirs the r e ported g rowth 
rates represent fish responding to the effects of low population d e nsity 
in n ew impoundments. 
~ 
0--
Table 9. Comparison of mean calculated lengths of walleyes from Pool 11 of the Mississippi River N 
with walleyes from other areas 
Number Mean calculated total length at eacn annulus 
Area of fish 1 2 3 4 5 b 7 8 9 10 11 
Pool 11 152 6.9 12 .1 16.3 19.4 21.3 23.0 24.0 24.7 25.5 26.2 26.8 
Mississippi River 
Poo 1 s 7, 8, 9, 1 0 
Mississippi Rivera 
(Jergens and Childers, 
1959) 109 12.5 13. 5 16.4 17 .3 21.2 21.6 24.8 
Pools 13, 14, 15, 19 1-Ij 
~ Mississippi Rivera M 
(Jergens and Childers, tJ 
1959) 36 8.2 13.2 -- 19.1 22.8 ~ 
Iowa lakes 
(Carlander, 1948) 216 5.0 9.2 12.4 15.0 17.1 18.6 19.9 21.5 23.2 24.7 <: 
Minnesota lakes ► (fl 
(Eddy and Carlander, M 
1939) 6,599 4.9 9.1 12.7 15.8 19.1 21.6 24.2 26.6 28.2 K! 
Wisconsin lakes 
(Schloemer and Lorch, 
1942) 1,132 5.4 9.8 13 .2 15.9 17 .8 19.5 21.8 23 .J 24.8 26.1 
Norris Reservoir, Tenn. 
(Stroud, 1949) 2,898 10.3 16.4 18.7 19.9 20.8 21.0 22. 1 24.9 
Des Moines River, Iowa 
(Schmulbach, 1959) 112 8.4 11.5 14.4 ,16.6 18.7 20.3 21.7 22.5 22.6 
Cedar River, Iowa 
(Mayhew, 1956) --- 7.3 12.5 16.1 18.2 19.7 23. 1 24.9 26.0 27 .6 30.0 
-
aUnweighted means of one-inch group midpoints. 
Table 10. Comparison of mean calculated lengths of sauger fr om Pool 11 of the Mississippi 
River with sauger from other areas 
Number Mean calculated t ota l len~th at each annulus 
Area of fish 1 2 3 4 5 1 ~ S 9 10 ► () 
Pool 11 M 
Mississippi River 218 5.7 10. 6 14.0 f6.3 17.7 18.9 20.2 ► z 
Pools 7, 8, 9, 10 tJ 
Mississippi Rivera 259 9.8 11.8 13.8 15.4 16. 2 16.8 18.8 
() 
:::0 
(Jergens and Childers, 0 
1959) ~ 
t--:1 
Pools 13, 14, 15, 19 ::r: 
Mississippi Rivera 267 8.5 13.1 15.1 17 . 9 0 f-rj 
(Jergens and Childers, 
~ 1959) 
► t:"" 
Lewis and Clark Reservoir, t:"" 
South Dakota 479 6.3 12.2 16.3 19.0 20.5 21.2 M K! 
(Vanicek, 1964) M 
► Norris Reservoir, Tenn. 3,393 8.4 13. 3 15.6 17 .2 18.6 19.6 20.3 z 
(Hass 1 er, 1957) tJ 
C/) 
Lake of the Woods, Minn. 883 5.0 7.3 9.3 10.9 12.3 13. 3 14.3 14.1 15.2 15.1 ► C: 
(Carlander, 1957) () 
M 
Lake Erie 8.9 14.2 15.8 
:::0 --- 5.2 11.3 13.0 
(Van 0osten, 1948) 
aUnweighted means of one-inch group midpoints. .i:,. O' 
vJ 
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MORPHOLOGY OF THE INTERNAL REPRODUCTIVE SYSTEMS 
OF THE EUROPEAN CORN BORER 1• 2 
Harold G. Drecktrah3 and T. A. Brindley 
A BS TRACT. T h e i n t e r n a 1 m o r p h o 1 o g y o f t h e r e p r o d u c t i v e 
systems of both sexes of the adult European corn borer 
[Ostrinia nubilalis {Hubner)], laboratory-reared on 
artificial diet, was studied. The female system is of 
th e ditrysian type consisting of the bursa copulatrix, 
b u r s a 1 g 1 a n d , s e m i n a 1 d u c t , v a g i n -a , p a i r e d a c c e s s o r y 
glands and reservoirs, vestibulum, spermatheca, sp e r-
m at he ca 1 g 1 and, median · and 1 ate r a 1 oviducts, and paired 
ovaries e ach with four polytropic ovarioles. The male 
system includes the fused testes; paired vasa defer-
entia, seminal vesicles, and accessory glands ; paired 
and common ejaculatory ducts; and the aedeagus with 
an eversible endophallus. 
In the years since the introduction of the European corn borer into 
this country, it has been the subject of much research {Brindley and 
Dicke 1963 ); however, little has been published on the reproductive organs 
of this species. A morphological study of the internal reproductive sys-
tems was undertaken to aid in the continuing research on this insect. 
The reproductive systems have been studied in many lepidopterous 
species. Eidman {1929) and Weidner (1934) studied the female internal 
reproductive organs of several species of Lepidoptera. The internal 
reproductive organs of the Mediterranean flour moth have been studied 
by Williams ( 1938 ), Norris { 1932), and Musgrave ( 1937). Williams dis-
cussed the reproductive systems of five species of lasiocampi ds (1940) 
and the comparative morphology of the reproductive systems of three 
species of Tineoidea { 1947) and four species of Noctuidae ( 1948). .Hewer 
{1932) studied the internal reproductive organs of 15 species of Zygaena. 
The morphology of the internal reproductive systems of Heliothis ~• 
Pseudaletia unipuncta, and Peridroma saucia were investigated by Cal-
lahan (1958) and Callahan and Chapin (1960). 
1 Ostrinia nubilalis {Hilbner) {Lepidoptera: Pyraustidae). 
2 Journal Paper No. J-5517 of the IowaAgricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1193. Part of a thesis 
submitted in partial fulfillment of the requirements of the Ph.D. degree. 
This research was carried out under the direction of Tom A. Brindley in 
cooperation with the Iowa Agricultural Experiment Station and the USDA, 
Agr. Res. Serv. 
3 Presently Biology Department, Wisconsin State University, Oshkosh, 
Wisconsin. 
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METHODS 
The Europe an corn borer adults used in this study w ere r ea r e d at the 
European Corn Borer Research Laborato r y, Anke ny, Iow a, on an artifi-
cial di e t (Guthrie ~ cg. 1965 ). Adult virgin moths we r e used in the in-
vestigation. Indi vidu al pairs of n ewl y emerged adult s we r e also put i n 
pint-size d scre e n cage s and placed in an environment chamber s imulat-
ing the natural outdoor li ght, tempe rature, and r e lative humidity condi-
tions in June. Adults from the s e individual pair ing s were colle cted o n 
five succe ssive days. 
Morphological examinati ons of li ving and pr eserved ( 10% forma lin) 
specime ns followed the techniques des cri bed b y Drecktrah ~ cg. ( 1966) . 
~iving spe cime ns were dissected whil e immer se d in a saline solution 
consisting of 7. 5 g NaCl, O. 35 g KCl, and 0 . 21 g CaC12 per lite r of dis-
tilled water. 
RESULTS A N D DIS CUSSION 
F emale Reproductive S ystem 
The reproductive syste m of the female Eur opean corn borer is of the 
ditrysian type ( diplotr e m e ), having two w idely separate d openings to the 
system (Figs. 1, 2). One opening, the ostium burs a e , o ccurs midve n-
trally between the anterior margins of the ventral sclerotized plate s of 
the eighth abdominal s egm e nt. The other opening, the oviporus, occurs 
on the ninth (fus ed ninth and tenth) abdominal segment ventrad to the anus 
and between the anal papillae . A pair of sclerotized apodeme s e xtend 
anteriad and internally from each of the lateral margins of the e ighth and 
fused ninth and tenth abdominal tergites. They ar e t e rmed the anterior 
apophyses and poste rior apophys es , respe ctive l y , and function for sup-
port and muscle attachment. 
The ostium bursae togethe r w ith the ductu s bursae and corpus bursae 
constitute the bursa copulatri x in female L e pidoptera (Klots 1956). The 
ostium bursae functions in th e r e ception of the male intromittent organ. 
The ductus bursae extends anteriad from this opening and macroscopic-
ally appears to have a small, internal, sleeve -li ke sclerite a short dis-
tance from the ostium (Fig. 3). This scle rit e is about O. 2 mm long and 
is not fused dorsally. What w as originally consid e r ed the lumen of th e 
duct surrounded by this scle rit e w as show n by histological studies to be 
the space resulting from a middorsal d e pres sion of the duct accompanied 
by a mesal reflection of the lateral margins of the duct in the r egion of 
the sclerotized sleeve. The actual lume n in this area is a very narrow 
U-shaped slit. 
Slightly anteriad to the sclerotize d sleeve t h e ductus bursae forms a 
small ventrolateral pouch on the right side. On the left internal surface 
of this pouch is a small s clerite. The s eminal duct, about 1. 0-1. 5 mm 
long and O. 1 mm in diameter, aris e s from the right side of the pouch 
and extends anteriad for a short distance and then posterodorsad to join 
the anterior margin of the vagina. In some specimens it enlarged to 
almost twice the 0. 1 mm diameter just before joining the vagina. 
The ductus bursae extends cephalodorsad to join the posterior margin 
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--- - SPERMATHECA 
------ACCESSORY GLAND 
RESERVOIR 
Figure 1. Diagrammatic dorsal view of adult female reproductive sys-
tem. One ovariole shown in its entirety; others not shown exc ept 
for proximal follicle. Accessory gland r ese rvoirs shown to right 
of actual position and with only prox imal part of right accessory 
gland. Distal portion of spermathecal g land not shown. Bursa 
copulatrix slightly to l eft of normal position . 
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of the corpus bursae. The duct is approximately 3. 5-4. 5 mm long and 
O. 2-0. 3 mm wide in virgin females. This muscular duct typically has 
one or two distinct coils near the corpus bursae. 
The corpus bursae (Fig. 3) lies between the two ovaries in the dorsal 
regions of approximately the third and fourth abdominal segments. It is 
a fairly large, almost spherical structure possessing a conspicuous ex-
ternal muscular sheath. In virgin females it is flattened dorsoventrally, 
and its wall has a few deep folds. There is usually a transverse fold or 
groove in the ventral surface along which the external muscles seem to 
attach to the internal signum. The length, width, and thickness of the 
corpus bursae approximate 1. 5-2. 0 mm X 1. 0-1. 5 mm X 1. 0 mm. 
The signum (Figs. 4, 5) is visible through the wall of the corpus bursae. 
It is dark brown and roughly diamond-shaped with its major axis parallel 
to that of the abdomen. In virgin females it is usually flexed inward 
along a line through its shortest points, producing the external transverse 
groove of the corpus bursae mentioned previously. A serrated, keel-like 
ridge is present on the inner surface of each of the longest points of the 
structure. The signum has a rough inner surface covered with short, 
thick reclined spicules, which are reduced to minute bumps in the center 
of the signum. Chapmen (1913) referred to the signum of Pyrausta 
aurata as the ''spiculate plate." , It somewhat resembles that of the Eur-
opean corn borer in general shape and has a ridge on each of the longest 
points, but the other two points are poorly developed and round. 
A short, thick duct arises from the right posterodorsal margin of the 
corpus bursae and extends posteriad to a small, thin-walled structure 
(Fig. 3)which is yellow in living mated specimens. Heinrich (1919) illus-
trated this structure connected to the corpus bursae when he described 
the external genitalia of the European corn borer for taxonomic purposes. 
He gave it no name, however, and did not refer to it in the description 
of the genitalia. No similar structure has been reported in other lepi-
dopterous species. This structure is a flattened, spherical organ with 
a diameter of about 0. 5-0. 8 mm. When pressure is applied to it in 
specimens dissected alive in saline, a material can be observed to move 
through its duct towards the corpus bursae. It has a glandular appear-
ance, and , for this reason, the structure will be referred to as the bur-
sa! gland. The function of the secretion presumably produced in the gland 
is not known, but it may, in some way, affect the spermatophores, the 
sperm in the spermatophore, or both. This does not preclude that it 
may affect the female system in some way. 
The walls of the corpus bursae and ductus bursae are easily removed 
to expose the spermatophore (Fig. 6) in mated females. The corpus of 
the spermatophore is spherical, tapering at one end to the collum. The 
collum extends posteria d as a hardened, cylindrical tube within the duc-
tus bursae assuming the characteristically coiled nature of the duct. The 
collum has a smaller diameter (about O. l mm) then the ductus bursae. 
It terminates in the region of the small ventrolateral pouch of the ductus 
bursae into which opens the seminal duct. The tip of the collum of some 
lepidopterous species possesses elaborate horns (Norris 1932, Callahan 
1958, and Callahan and Chapin 1960). Callahan ( 1958) described the corn 
earworm spermatophore collum as having a terminal, small, protuber-
ance with a hook termed the frenum. The collum tip of the European 
corn borer is only slightly flattened and possesses a small opening. 
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Figure 2. Right late ral view of adult female reproductive system {mated) , 
Ovaries not shown. Only proximal portions of spe rmathecal and 
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Figure 3. Dorsal view of bursa copulatrix and seminal duct of unmated 
fema l e. 
Figure 4 . Internal view of tw o signa from two corpora bursae. 
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The dorsal and lateral surfaces of the spermatophore corpus are 
relatively smooth and plastic-like, but a major portion of the ventral 
surface of an old spe rmatophore is deeply c oncave . This is the surface 
in contact with, or just dorsad to, the signum of the corpus bursae. The 
signum may be located deep within this concave area in some specimens. 
The concave area is not, however, the exact shape of the signum but 
somewhat larger with a fairly regular outline. Although the other outer 
surfaces are relative ly hard and resilient, the ventral concave area lacks 
this outer coating and consists of a rather che e se-like material which 
can be easily removed in preserved specimens. 
Multiple matings of female Lepidoptera are known to occur in many 
species, including the European corn borer. P e sho (1961) reported that 
8-43% of the female European corn borers from a feral population were 
mated more than once. Multiple matings were determined by the number 
of spermatophores in the bursa copulatrix, 
When multiple matings occur in the Eur o p ean corn borer, the addi-
tional spermatophores are crowded into the corpus bursae with the first 
spermatophore, which has the typical concave ventral surface. Addition-
al spermatophores are usually prevented from assuming their normal 
position within the corpus bursae because of the presence of one or more 
other spermatophores and usually do not have concave ventral surfaces. 
The last spermatophore may lie partially within the distal end of the 
ductus bursae if the corpus bursae is exceptionally crowded. Spermato-
phores deposited after the first one are usually smaller than the original. 
The calla of the preceding spermatophores are usually pushed into the 
corpus bursae and may b e twisted around the spe rmatophore or broken 
off when the next spermatophore is d e posited. One specimen was exam-
ined in which the ductus bursae contained the colla of two spermatophores. 
Figures 7 and 8 show the positions of the spermatophores resulting from 
multiple matings. 
The mated female European corn borers studied were checked for 
multiple matings. Out of 73 females examined, 5 8 had mated, of which 
27 ( 46. 5%) had mated more than once. Multiple matings of two and three 
times were fairly common. No multiple matings occurred when a pair 
of moths remained together for only one day, although many had mated 
once. Multiple matings occurred if a pair of moths had been together 
for two days. Triple matings occurred after three days of pairing. One 
female mated four times and had been paired for four days. Since the 
pairs of moths were in individual cages, it was known that the males did 
mate more than once. 
The other external opening of the female r e productive system, the 
oviporus (Figs. 1, 2), is located ventrad to the anus between the anal pap-
illae of the ninth abdominal segment. The vagina extends anteriad from 
the oviporus. The rectum is immediately dorsad to the vagina, and the 
two structures may appear to fuse to form a single cloacal duct as in the 
Mediterranean flour moth (Musgrave 1937). Each, however, has an in-
dependent external opening. 
A short distance from the oviporus, the vagina is dorsally joined by a 
short (0. 2-0. 6 mm long) muscular duct from the paired accessory gland 
reservoirs (Fig. 2). At this point the rectum is no longer in direct con-
tact with the dorsal surface of the vagina, but has turned dorsad and 






Figure 5. Ventral view of bursa copulatrix containing spermatophore. 
Bursal gland not shown. 
Figure 6. Dorsal view of spermatophore. 
Figure 7 . Ventral view of bursa copulatrix containing two sperm<;to-
phore s. 
Figure 8 . Left lateral view of corpus bursae containing three spermato-
phores (left side of corpus bursae remove d). 
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enlarged considerably. The conspicuous accessory gland reservoirs are 
yellow to yellow-green in living specimens. They are thin-walled, 
somewhat spherical structures lying dorsad and on either side of the 
vagina. The two reservoirs are fused at their tapering posterior mar gin s 
to form the duct that connects them to the vagina. A gelatinous-like 
substance flows out of the reservoirs when they are ruptured. A small 
tube, the accessory gland, joins the dorsolateral margin of each reser-
voir. Each accessory gland extends posteriad for a short distance and 
then reverses its direction and extends ante riad above the ovaries as a 
very convulated tube in the dorsolateral regions of the abdominal hemo-
coel. In the region near the corpus bursae each gland reverses its di-
rection, extends posteriad, and terminates near the anterior margin of 
the reservoir to which it is joined. The accessory glands are very long 
and slender a·nd in some specimens may be 20 mm long or · longer but 
only 0, 07-0. 10 mm wide. The glands are difficult to trace because of 
their convoluted nature, small size, and close association with other in-
ternal structures. They are almost transparent in freshly killed speci-
mens and do not show the color of their reservoirs. The spermathecal 
gland is also transparent and approximately the same width and is often 
confused with the accessory glands. 
A pair of small, lateral vaginal swellings or pouches occur in the 
vagina just anteriad to the union of the r ese rvoir duct and the vagina 
(Fig. 9). The vagina continues anteriad for a short distance and then 
bends slightly to the right. A small bulbous swelling, the vestibulum, is 
present to the left of this bend (Fig. 9). The spermathecal duct joins the 
anterior margin of the vestibulum. This duct is about 1. 0 mm in length 
but is difficult to measure accurately because it is tightly coiled. It is 
usually less than 0. 1 mm wide at its junction w ith the vestibulum but 
slightly larger near the spermatheca. The spermathecal duct possesses 
a very small internal sclerite a short distance from the spermatheca. 
This sclerite is spirally arranged and does not form a complete circle 
within the duct. It is continued posteriorly as a ve ry narrow sclerotized 
canal which spirals down the duct to the vestibulum. This duct has been 
termed the microduct (Joubert 1964), fertilization canal (Weidner 1934), 
and subsidiary spiral fertilization canal (Callahan and Cascio 1963). 
The spe rmatheca (Fig. 9) is a small, muscular, bilobed organ lying 
very near the anterior end of the right accessory gland reservoir. It 
consists of a long narrow lobe, 1. 0-1. 2 mm long, and a thicker lobe 
about 0. 50-0. 75 mm long. These have been termed the utriculus and 
lagena, respectively, by Weidner (1934) and Callahan and Cascio (1963). 
Both lobes fuse proximally to form the spermathecal duct. The lagena 
is bluntly rounded at its anterior margin, and the utriculus tapers anter-
iorly to a very thin duct (0. 04-0. 07 mm wide) about 2. 5-3. 0 mm long. 
This duct is continuous distally with the spermathecal gland which is 
about twice the diameter (0. 08-0. 12 mm) of the duct. 
The spermathecal gland is variable in length but generally very long 
( 43 mm in one specimen) and convoluted. The gland makes two complete 
loops through almost the entire abdominal hemocoel and terminates near 
the accessory gland reservoirs by forking, forming two short branches 
each 1-2 mm long. 
The point at which the vagina bends slightly to the right is the junction 
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of the vagina and the median oviduct. According to Klots ( 1956 ), morpho-
logically the median oviduct ends at the cephalic end of the vagina, which 
when enlarged, is termed the vestibulum. However, the taxonomists 
have generally used this term for the entire unpaired duct consisting of 
the median oviduct, the vestibulum, and the vagina. 
The paired ovaries of a freshly killed female are pale yellow and are 
held together in a compact mass by the tracheae and fat-body tissue. 
They occupy most of the abdominal cavity and lie on either side of the 
corpus bursae which is often completely surrounded by them, especially 
in newly emerged, virgin females. The ovaries greatly exceed the length 
of the abdomen and may be 34 mm long. They extend into the second 
abdominal segment and then _are reflected back upon themselves two or 
three times in a dorsal direction. They terminate in the dorsal region 
of the third or fourth abdominal segment. 
Each ovary consists of four polytrophic ovarioles separated from each 
other for almost their entire length. Apically the ovarioles of one ovary 
adhere very closely to each other and may appear to be a single struc-
ture. Terminal filaments are absent as they appear to be in almost all 
species of Lepidoptera studied by other researchers. A common termi-
nal filament was reported, however, in Pectinophora gossypiella (Wellso 
and Adkisson 1962). Each ovariole ends in a bluntly rounded chamber, 
the germarium, which is free in the hemocoel but held in place by the 
other internal organs. Proximad from the germarium is the region 
known as the vitellarium, which possesses a series of developing oocytes 
increasing gradually in size from the ge rmarium to the base of the ovar-
iole. Each developing egg is contained within an egg chamber, or fol-
licle, which is indistinct distally but very evident for most of the ovari-
ole length. Each follicle contains an oocyte and its five nurse cells, the 
trophocytes, which, in this case, are endofollicular trophocytes because 
they are contained within the same follicle as the oocyte. 
An examination of freshly dissected ovaries, using a compound micro-
s cope, showed the developing oocyte with its germinal vesicle and tropho-
cytes all surrounded by the follicular epithelium of the egg follicle. The 
trophocytes are always in the anterior (distal) region of each follicle. As 
the oocyte increases in size the trophocytes decrease until they are no 
longer evident. As many as 80 distinct egg follicles in one ovariole have 
been counted in a virgin female. 
Each ovariole of an ovary is connected to its lateral oviduct by a pedi-
cel (petiole). The lateral oviducts extend posteriad for a distance of 
O. 5-1. 0 mm and fuse to form the median oviduct. Both the median and 
lateral oviducts possess a thin external muscular sheath and are approxi-
mately the same width. In 2- or 3-day-old females these ducts are usu-
ally greatly expanded by eggs within their lumens. The median oviduct 
extends posteriad for approximately 1. 0 mm before it joins the cephalic 
end of the vagina. There is no external demarcation between these two 
structures. 
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Male Reproductive System 
The male reproductive organs occupy a majority of the hemocoel in 
the third and following abdominal segments. Fat-body tissue, in the 
form of small, white globules , is abundant along the numerous trache al 
branches supplying the reproductive organs. 
The bright yellow testes (Fig. 10) are located in the dorsal r egion o f 
the fifth abdominal segment and are closely united, appearing as a single 
organ. They correspond with the type D testes of Lepidopte ra described 
by Cholodkovsky (1884). The testes ar e conta ined within a peritoneal 
sheath (Snodgrass 1935 ). Cholodkovsky ( 1884) used the term ' ' scrotum. " 
The surface of the testis is invested in a network of tracheal branches 
which arise from the segme ntal tracheae. The fused testes approach a 
spherical shape being slightly wide r than l ong . The testes of a ne w ly 
emerged male may be approximately 1. 0 mm wide and 0. 8 mm long. 
These dimensions, however, de cr e ased with increasing age of the adult 
male European corn bore r ( Chaudhury and Raun 1966 ). 
A pair of fairly large ducts that appear to be continuous with the peri-
toneal sheath of the testis extend posteriad from the t e stis. These ducts 
are the upper portion of the vasa defe r e ntia. The vas deferens from the 
right side crosses dorsad to the left duct almost immediately as they 
pass from the testis. The upper portions of the vasa deferentia approach 
2 mm in length and are approximate ly 0. 2-0. 3 mm in diameter. They 
taper slightly before expanding to form the s eminal vesicles, which usu-
ally have a slightly larger diameter than the upper portions of the vasa 
deferentia. The upper portions of the vasa deferentia and the seminal 
vesicles are capable of peristaltic contractions, commonly seen in speci-
mens dissected alive in saline solution. E x t e nding posteriad from the 
seminal vesicles are the thinner, lower portions of the vasa defe rentia. 
These ducts are 2. 3-3. 3 mm long and less than 0. 1 mm wide. After a 
short distance they r everse their direction, extend anteriad, and attach 
at right angles to the paired ejaculatory ducts . 
The paired ejaculatory ducts (Fig. 10) are about 2 mm long and 0. 2-
0. 3 mm wide. The paired ducts are typically somewhat C-shaped, lying 
very clos e to the ventral surface of the testis. Both ducts are separated 
from each other for their entire length. 
The paired accessory glands are continuous with the distal ends of the 
paired ejaculatory ducts (junction indicated by arrow in Fig. 10) and are 
di.stinguished by their smaller diameter (0. 1-1. 2 mm). Their length is 
approximately 4-5 mm. These ducts are s e parated from each other along 
their anterior halve s, but their distal halves adhere closely to each other. 
Each accessory gland terminates in a ·s aclike structure. These terminal 
sacs are thin-walled, almost transpar e nt structures lying in the right 
lateral region of the sixth or seventh abdominal segment. They are 1. 0-
1. 5 mm in length and about 0. 24 mm wide. They are typically empty, 
whereas the paired ej aculatory ducts and accessory glands usually con-
tq.in an opaque white mate rial. 
The paired ejaculatory ducts fuse proximally to join the common 
ejaculatory duct, which is extremely long (up to 55 mm) and forms many 
complex loops and turns within the abdominal hemocoel. Its diameter is 
0. 16-0. 30 mm. The proximal end is connected to the aedeagus and its 
REPRODUCTIVE SYSTEMS OF THE CORN BORER 477 
___....,..,--~.........,.~rr:;~----SPERMATHECA 

























: --- ------ ----------COMMON}EJACULATORY DUCT 
,,/,_ _____ --- ------PAIRED 
-TESTIS 
Figure 9. Dorsal view of spe rmatheca and its gland and duct i n r e lation-
ship to vestibulum, seminal duct, vagina, and median oviduct. 
Figure 10. Testis, vasa deferentia, seminal ve sicles, paired ej aculatory 
ducts, and accessory glands (structures spread out for clarification), 
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Figure 11. Right lateral view of aedeagus and cuticular part of comma~ 
ejaculatory duct (endophalus partially everted to show cornutus). 
Arrow indicates junction of cuticular and primary parts of common 
ejaculatory duct. 
endophallus. Callahan (195 8) r e f e rs to two divisions of the common 
ejaculator y duct in corn earworm. They are the proximal cuticular seg-
ment, which is much shorter than the distal primary segment. A similar 
condition exists in the Europe an corn borer. 
The primary segment of the common e jaculatory duct is almost trans-
parent for most of its length; however, the proximal 5-10 mm is usually 
opaque white. When dissecting living specimens, a thick, viscous sub-
stance flows from any break in the duct and tends to hold the cylindrical 
shape of the duct. This is also true if a bre ak occurs in the paired ejacu-
latory ducts. 
The junction of th e two segments (primary and cuticular) of the ecto-
dermal common ejaculatory duct is a simple constriction (Fig. 11 arrow) 
and does not consist of the elaborate structure found in the corn earworm 
( Callahan 1958). The cuticular part is about 6 mm long but difficult to 
measure because it is coiled and resistant to straightening. The duct was 
coiled and twisted in all specimens examined; however, there were vari-
ations in the compactness of the coils because of extension or pulling of 
the terminal abdominal segments. 
The cuticular segment is cylindrical ( 0. 2 mm wide) just posterior 
to its junction with the primary segment. It becomes slightly flattened in 
the distal coil (Fig. 11, A) and is 0. 3-0: 4 mm wide. The duct becomes 
smaller, more flattened, and ribbon-like posteriad to the distal coil (Fig. 
11, B). This region is about I. 6 mm long and is twisted three or four 
times before making a smaller proximal coil(Fig.11, C)just before join-
ing the aedeagus and endophallus. The entire cuticular segment of the 
ejaculatory duct is heavily muscled and richly tracheated. 
The duct of the cuticular segment continues within the aedeagus as a 
coiled endophallus. The endophallus can be partially everted by applying 
pres sure to the anterior end of the aedeagus in freshly killed specimens 
(Fig. 11 ). A conspicuous s clerotized cornutus can be seen through the 
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aedeagus. It is attached to the inner wall of the noneverted endophallus, 
and its apex is directed caudad. Eversion of the endophallus results in 
the cornutus rotating 180° so that its apex points anteriad. After eve r-
sion the cornutus occurs on the ventral surface of the endophallus . The 
anterior half of the endophallus is supplied with many muscles that attach 
to the inner surface of the aedeagus. Males killed "in copulo, 11 with an 
everted endophallus, show the portion of the endophallus remaining with-
in the aedeagus as an almost straight duct lacking the typical coils of a 
noneverted endophallus. 
The aedeagus is a cuticular, tubular structure approximately 1. 0 mm 
long and 0. 3-0. 4 mm wide surrounding the endophallus. Several groups 
0f muscles are inserted on its outer surface. It is supported by a dia-
phragm, the anellus, which closes the posterior end of the abdomen. It 
possesses a small, posteriorly directed sclerite ventrad to the secondary 
gonopore at the tip of the . aedeagus (Fig. 11 ). Two lightly s cle rotized 
arms extend from the sclerite along the lateral aspects of the aedeagus 
and appear to fuse at the anteroventral margin of the aedeagus. 
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AN ANNOTATED BIBLIOGRAPHY OF BOTANICAL 
CLEARING METHODS 
Nels R. Lersten1 
ABSTRACT. A variety of combined clearing and staining 
techniques are included in a selected bibliography of 
31 references for use by plant taxonomists, morpholo-
gists, anatomists and pathologists. 
INTRODUCTIO N 
Numerous methods of clearing and bulk- staining plant mate rial have 
been published, ranging from very crude techniques to those in which the 
resulting clarity of detail approaches that of well-prepared microtome 
sections. Because they frequently allow the taxonomist, morphologist, 
anatomist or plant pathologist to examine large quantities of mate rial 
without the sophisticated equipment and enormous expenditure of time 
associated with the preparation of paraffin sections, clearing techniques 
deserve wider publicity among botanists than has been received in the 
past. 
The accompanying selected bibliography of 31 references includes a 
variety of techniques and their modifications. Plant structures for which 
particular clearing methods are applicable have been indicated, but many 
of these techniques can certainly be more widely used than the author 
states. 
I have not personally tested most of the techniques referred to, and 
the notes following many of the references only indicate the clearing and 
staining solutions involved, and in some cases what plant structures a 
particular method has been used on. The historical aspect of cleared 
preparations has been ignored; older ·papers can be found in several of 
the refe re nee s included he re. 
Al Talib, K. H. and J. G. Torrey. 1961. Sclereid distribution in the 
leaves of Pseudotsuga under natural and experimental conditions. 
Am. J. Bot. 48:71-79. 
Hot ethanol, sodium hydroxide for clearing. Stain with safranin in 
70% ethanol, dehydrate to xylene, mount permanently in piccolyte. 
Anderson, L. E. 1954. Hoye r's solution as a rapid permanent mount-
ing medium for bryophytes. Bryologist 57:242-244. 
This exceptionally simple permanent mounting medium also has 
1 Associate Professor of Botany and Plant Pathology, Iowa State Univer-
sity of Science and Technology, Ames, Iowa. 
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clearing properties. I have used it successfully on stem x-sections, 
slivers of wood and flower parts, as well as for bryophytes, for 
which it is unexcelled. Distilled wat er, gum arabic, chloral hydrate 
and glycerin are the ingre dients, with chloral hydrate providing the 
clearing properties. Fresh or fluid-preserve d (but not dry) mater-
ial is mounted directly in Boyer's and cove rslip added. In a few 
days mount is dry and permanent. 
Arnott, H.J. 1959. Leaf clearings. Turtox New s ]] : 192-194. 
A widely-used technique. Clearing involve s sodium hydroxide and 
chloral hydrate. Staining is by safranin O (not G , as stated incor-
rectly in this paper) in 50% ethanol. L e aves a re dehydrated to 
xylene and permanently mounted in pic co l yte. 
Bersier, J. D. and G. Bocquet. 1960. L es met hode s l 1eclairissement 
en vascularisation et en morphogeni e vegetale s comparees. Arch. 
Sci. G eneve _!l:555-566. 
A review of many of the older papers using clearing techniques. 
Mostly devoted to procedures involving clearing by various mixtures 
of chloral hydrate, lactic acid, glycerin and hydrochloric acid. 
Formulas and procedures given. All plant parts, including pollen. 
Bisalputra, T. 1960. Anatomical and morphological studies in the 
Chenopodiaceae. I. Inflorescence of Atriplex and Bassia. 
Austral. J. Bot. f:226-242. 
Cleared single flowers, fruits or stems with up to 10 nodes. Fix 
in FAA, then boil in mixture of chloral hydrate, white carbolic acid 
and pure lactic acid for 10- 30 mins. Staining or mounting said to 
be unnecessary. 
Bisalputra, T. 1961. 
Chenopodiace ae. 
Bot..2_:1-19. 
Anatomical and morphological studies in the 
II. Vas cularization of the seedling. Austral. J. 
Similar to Bisalputra ( 1960 ), but said to be improve d by addition of 
concentrated hydrochloric acid to clearing solution. 
Bohm, E. and J. Kisser. 1961. Eine neue Methode zur Darstellung der 
Xylemstrange in Krautigen Pflanzenteilen. Mikroskopie .!.§: 133-141. 
A good review of many clearing techniques, and a new one presented 
for xylem strands in herbaceous stems, and leaves. Clearing is by 
ethanol, chloral hydrate and chloral-phenol with hydrochloric acid 
added; staining is by phloroglucine , whose red color is said to fade 
shortly, so that permanent preparations are not possible with this 
method. 
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Bowe s, B. G, 1960. Cleared whole mounts of shoot apices for topogra-
phic study. Stain T e ch. 35:26.7-272. 
Fix in FAA, dissect apices, clear in sodium hydroxide. Stain with 
aqueous tannic acid - ferric chloride. Dehydrate and counterstain 
with safranin if desired. P e rmanent mounts can be made. 
Brady, E. R., D. K. Wemple and N. R, Lersten. 1965. Floral vascula-
ture as a potential taxonomic character in Dalea {Leguminosae). 
Proc. Iowa Acad. Sci. l!:46-51. 
Detailed step- by-step procedure. Clear in sodium hydroxide, 
household bleach and chloral hydrate. Dehydrate in ethanol, stain 
with safranin, mount permanently in piccolyte. Good for flowers 
or leave s. 
Debenham, E. M. 1939. A modified technique for the microscopic 
examination of the xylem of whole plants or plant organs. Ann. Bot. 
2_:369-373. 
Clear in warm lactic acid, replace with glycerin, then alcohol, 
then Eau de Javelle. Staining is by ammoniacal fuchsin. Material 
may be permanently mounted. 
Fletcher, F. and H.J. Arnott. 1963. The venation of Lemna minor in 
sterile culture. Am. J. Bot. 50:621. 
T e chnique used for this work given to me as a personal communica-
tion. Clear in sodium hydroxide and chloral hydrate {as given in 
Arnott, 1959). Stain for approximately 20 mins. in 1 part of 
ruthenium red in 5000 parts of water. Soak for one-half hour or 
more in water, then mount in glycerin jelly. 
Foster, A. S. 1950. Techniques for the study of venation patterns in the 
leaves of angiosperms. Proc. 7th International Bot. Congr., Stock-
holm, p. 381. 
Can be said to have revived the use of clearing techniques for 
detailed anatomical work. 
Foster, A. S. 1963. The morphology and relationships of Circaeaster. 
J. Arnold Arbor. 44:2 99-321. 
A good example of the versatility of clearings. Scarce material was 
first cleared, then embedded in wax, sectioned on the microtome 
and stained conventionally. The maximum information was obtained 
in this way. 
Fuchs, C. 1963. Fuchsin staining with NaOH clearing for lignified 
elements of whole plants or plant organs. Stain Tech. 38:141-144. 
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Three alternate methods, all involving basic fuchsin and sodium 
hydroxide, but not chloral hydrate. Fast gre en as a counterstain 
may be used. Good results obtained from a va r i e ty of material. 
Galavazi, G, 1965. Clearing and staining plant material in toto with 
phloroglucinol-HCl in methyl benzoate for proj e ction photography and 
subsequent serial sectioning. Stain Tech. 4 0:1 -5. 
A unique method whereby clearing does not involve the flushing out 
of cell contents. Desired material can be sur veyed in cleared c ondi -
tion, then embedded in wax and sectioned (s ee al s o Foster, 1963). 
Said to b e particularly useful for grafting studies. 
Gourley , J. H, 1930. Basic fuchsin for s taining vas cular bundles . Stain 
Tech. z_:99-100. 
For entire plants. Immerse plant in fuchsin stain solution, cut off 
roots b e low waterline a nd leave for 48 hrs . or so. Plant then 
dehydrated to xylene and entire vascula r system may be studied, 
unmounted, under dissecting microscope. 
Hering, T. F. and P. B. Ni cholson. 1964 . A clearing te chnique for the 
examination of fungi in plant tissue. Natur e 20 1 :942. 
Used on oak l e a ves . Leave s cut in piece s, cle a red in sodium chlor-
ite acidified with acetic acid (4 -6 hrs). D e h ydrate in ethanol, then 
to methyl salicylate. Stain with safranin or crystal violet dissolve d 
in methyl salicylate. Mount permanently in Canada balsam. 
Horner, H. T., Jr. and H, J. Arnott. 1961. The use of a multiple -
compa_rtment tra y for pro c es sing many specimens at one time. Stain 
Tech. 36:204-205. 
A bulk clearing setup recommended for use with large amounts of 
material which will cle ar at about the same rate. Utilizes pyrex 
baking dishes and polystyrene ice cube trays. Originally used for 
Selaginella strobili; s ee Horner, H. T., Jr. and H.J. Arnott, 1963. 
Bot. Gaz. 124:37 l..;383. 
Hoster, H, 1962. Das Adernetz de r Blatter. M e thoden zur Darstellung 
des Adernetze s. Mikrokosmos 51 :6-8. 
Compares methods of Arnott ( 1959) and Foster ( 1950) as applied to 
cotyledons. 
Janes, B. S. 1962. Leaf-clearing technique to assist fungal spore germi-
nation counts. Nature ~:1099-1100. 
Spores incubated on leaves. Leaf discs punched out and exposed to 
chlorine gas, which ble aches them. A drop of methyl violet stains 
the fungus and examination is by transmitted light. 
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LaMotte , C. E. and W. P. Jacobs. 1962. Quantitative estimation of . 
phloe m regeneration in Cole~s internodes. Stain Tech. 37:63-73. 
Detailed schedule for an elegant method involving dissection of 
strips of stem tis sue combined with clearing in lactic acid, alcohol 
and hydrochloric acid. Strips were stained with aniline blue (for 
phloem), dehydrated and mounted in damar-xylene. 
L e ben, C. 1952. A method for clearing l e aves. Phytopath. 42:352. 
Mahlberg, P. 1961. Embryogeny and histogenesis in Nerium oleander. 
II. Origin and development of the non-articulated laticifer. Am. J. 
Bot. 48:90 - 99 . 
Embryos cle ared with sodium hydroxide and chloral hydrate. Stain-
ing wa s either by alcoholic tannic acid - ferric chloride, or by 1-2% 
chlorazol black E counter stained by fast green or orange G. The 
complex, interwoven branching laticifers offer an excellent example 
of a plant structure that cannot be really understood unless seen 
3-dimensionally, as can be done with clearings. 
Matzke, E. B. 1948. The three-dimensional shape of epidermal cells of 
the apical meristem of Anacharis dens a (Elodea). Am. J. Bot. 35: 
323-332. 
Dissected meristem killed and cleared in 75% lactic acid at 54° C for 
18 hrs., washed in water, stained w:ith D e lafield's Hematoxylin, 
destained in weak hydrochloric acid, dehydrated and mounted per-
manently. 
Morley, T. 1949. Staining of plant materials cleared in NaOH. Stain 
Tech. 24:231-235. 
Using leaves of 2 species of angiosperms cleared in sodium hydrox-
ide, over 20 different stains and combinations of stains we re tried. 
Results and recommendations are given. 
Pray, T. R. 1955. Foliar venation of angiosperms. II. Histogenesis of 
the venation of Liriodendron. Am. J. Bot. 42:18-27. 
For developmental stages of leaves. Clear in 2. 5% sodium hydroxide 
at room temp. Stain is an alcoholi c modification of tannic acid -
ferric chloride method, counterstained with safranin. 
Shobe, W. R, and N, R, Lersten. 1967. 
for gymnosperm leaves. Bot. Gaz. 
A clearing and staining techniqui 
(iri press). 
Clearing by sodium hydroxide, household bleach and chloral hydrate. 
Two methods of safranin staining with fast green counterstaining are 
given. Dehydration and permanent mounting in piccolyte. Method 
also works well on many angios p e r m leaves, but staining results 
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have not been good on flowers. With many gymnosperm leaves great 
detail can be achieved, especially of transfusion . tissue and acces-
sory transfusion tissue. 
Simpson, J. L. S. 192 9. A short method of clearing plant tissues for 
anatomical studies. Stain Tech. _i:131-132. 
Probably the simplest and fastest method of all. Put fresh tissue 
in 75% lactic acid-large pieces in op~n watch glass, small pieces 
on microscope slides-put in 54° C oven until clear. Permanent 
mounts are possible by ringing cover slip. 
Sporne, K. R, 1948. A note on rapid clearing techniques of wide appli-
cation. New Phytol. 47:290-291. 
Clearing involves hydrogen peroxide followed by lactic acid. 
von Stosch, H. A. 1955. Zur Darstellung pflanzlicher Meristeme. 
Zeitschr. f. Wiss. Mikroskopie 62:305-310. 
Embryos cleared by use of enzymes. 
appears on p. 11 of Esau, K. 1960. 
New York, John Wiley and Sons. 
A figure from this paper 
Anatomy of seed plants. 
Varrelman, F. A. 1938. Technic in the study of vascular systems in 
plants. Stain Tech . .!2:115-119. 
Method used mainly for rosaceous fruits. Clear in 20% hydrochloric 
acid overnight, followed by 5% NaOCl (household bleach) until satis-
factory. Dehydrate in ethanol, xylene, then mount in cedar oil. 
Staining by Niagara blue. 
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PHYSIOLOGICAL VARIATION OF SCOTCH PINE SEEDLINGS 
IN RELATION TO PROVENANCE AND NITROGEN 1 
G. F. Dykstraz and G. E. Gatherum3 
ABSTRACT, In a controlled - environment study, photo-
synthesis, respiration, growth and distribution of as-
similate of 9-month-old Scotch pine seedlings were 
determined in relation to (1) four provenances, rang-
ing from 42° to 60° north latitud e in eastern Europe 
and (2) five sand culture nitrogen levels, r anging from 
25 to 500 ppm. Differences in these physiological pro-
cesses were related to seed origin, sand culture nitro-
gen level and latitude of seed origin . The marked vari -
ation in these physiological processes among prove-
nanc e s and nitrogen levels indicates that differ e nces 
do exist in physiological processes that underlie vigo r 
and quality of variants within Scotch pine; therefore, 
a d d i t i o n a 1 s t u d i e s o f p h y s i o 1 o g i c a 1 v a r i a t i o n in r e 1 a t i o n 
to genetic and environmental factors could help to ex -
plain the causes of variation in vigor and quality of 
Scotch pine. 
Scotch pine has been grown as a timber tree on the Fayette, Weller 
and Lindley soil series in Iowa (Gatherum and Jensen 1964, Jensen and 
Gatherum 1964). Howeve r, because of the wide variation in growth, vigor, 
form and foliage color within the species (Gerhold 1959, Wright and Bald-
win 1957, Wright and Bull 1963 ), additional information is needed to 
identify variants best suited for planting on these soil series in Iowa. 
The Forestry Section of the Iowa Agricultural Experiment Station has 
be e n conducting controlled-environment studies of Scotch pine seedlings 
(1) to identify and evaluate w i thin-s peci es variation of physiological pro-
cesses of seedlings, (2) to provide a better understanding of the causes 
of variation in vigor and quality and (3) to provide additional characters 
to aid in the early selection of seed sources for planting on specific sites 
in Iowa. Gatherum ( 1965) has studied photosynthesis, respiration and 
growth of Scotch pine seedlings in relation to provenance and light inten-
sity. Jensen and Gatherum (1965) have evaluated the effects of tempera-
ture, photope riod and p rovenanc e on growth and development of Scotch 
pine seedlings. 
1 Journal Paper No. J-5619 of the I owaAgricultural and Home Economics 
Experiment Station, Ames, Iowa. Proj ect No. 1582. 
z Graduate student, Department of Forestr y, Iowa State University, 
Ames, Iowa. 
3 Professor, D epartment of Forestry, Iowa State University, Ames , 
Iowa. 
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This controlled-environment study of Scotch pine seedlings, estab-
lished in conjunction with the major study objectives, had the following 
specific objectives: (l)' obtain a relative measure of the variation in 
photosynthesis, r espiration, growth and distribution of assimilate among 
four seed origins, ranging from 42 to 60°N latitude in eastern Europe, 
(2) determine the patterns of photosynthesis, r e spiration and growth in 
relation to the latitudinal origin of the four provenances and (3) measure 
the variation in photosynthesis, respiration, growth and distribution of 
assimilate among five sand cultur e nitrogen leve ls ranging from 2 5 to 
500 ppm. 
Gatherum(l965), Huber and Polster(l955) and McGregor ~t ~l. (1961) 
found racial or clonal differences in rates of photosynthesis, but related 
the differences to the amount of photosynthetic tissue and not to differ-
ences in effi ciency (photos ynthesis per unit of leaf). Differences in res-
piration rates in relation to provenance also we r e related to se e dling 
size (Gatherum 1965, McGregor k_t ~ . l 961 ). Variation in growth of 
Scotch pine in relation to provenance has bee n observed by Langlet ( 1959), 
Wright and Baldwin (1956, 1957), and Wright and Bull (1963). Langlet 
( 1959) indicates that the growth variability found in Scotch pine repre-
sents a latitudinal continuum, in the same degree as the determinative 
environmental factors vary continuously. Wright and Baldwin ( 1956, 
1957) and Wright and Bull ( 1963) found sufficient variation in growth and 
form over the latitudinal range to group the seed sour ces into distinct 
geographic ecotypes. 
Nitrogen deficiency appears to have a greater inhibitory effect on 
photosynthesis than does the deficiency of other elements (Batjer and 
D egman 1940, Childers 1937, Childers and Cowart 1935, Kramer and 
Kozlowski 1960, and Loustalot ~ ~- 1950 ). Differences in growth of 
tree seedlings in relation to nitrogen level have been observed by many 
investigators including Broerman ( 1965 ), Fowe lls and Krauss ( 1959) and 
Ingestad (1962). 
MATERIALS AND METHODS 
This study was established as a split-plot e xperiment in a randomized 
complete- block design. Four provenances we r e as signed at random to 
the whole plots within e ach block, and five nitrogen levels were assigned 
at random to the subplots within each whole plot. Six replicates were 
used. 
Seeds from the selected provenances (Table 1) were sown in silica 
sand in 1- gallon pots in the greenhouse in November 1964. Seeds were 
sown at an original density of four seeds per pot, and after the seedlings 
were e stablished, all but the most vigorous seedling were removed from 
each pot. Seedlings were grown in the greenhouse under a 16-hour photo-
period until March 5, 1965, a 14-hour photoperiod until March 12, and a 
12-hour photoperiod until the seedlings were moved to the State Forest 
Nursery on April 16. Variable day lengths were used at the end of the 
first growth period so that all the seedlings w ould set bud and harden off 
in time to make a second flush of growth in the nursery. 
Throughout the study, nutrient solutions were added to the pots every 
other day and demineralized water on alternate days. At 2-week inter-
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Table 1. Provenances of Scotch pine used in study. 
Provenance Latitude Longitude Elevation 
( ON) (OE) ( m) 
Bulgaria (218) 
1 42 25 1,2~0 
Poland (216) 54 19 150 
USSR (217) 57 25 100 
Finland (208) 60 23 15 
1
rowa State University provenance number. 
vals , sand in the pots was leached thoroughly with deminerali zed wate r 
to prevent salt accumulation. Nitrogen w as supplied at 25, 125, 250, 375 
and 500 ppm. All other nutrie nts we r e supplied at concentrations thought 
to be necess ary for good growth (Dykstra 1966). 
Formal testing of photosynthesis and respiration began on August 12 
and was complete d on August 18 , 1965. S ee dlings were brought from 
the nursery to the laboratory; sand in each pot w as brought to field capa -
city with d e mine ralized w ater ; and seedlings we r e measured for height. 
A 3-mil polyethylene bag was place d around each pot and tied at the base 
of the seedling to prevent CO 2 evolution from the sand during photosyn-
thes is-r e spiration measureme nts. Photosynthesis and respiration we r e 
measured in a gas-tight controlled-environment chamber described by 
Broe rman ~t ~- (1967) . A Beckman L / B infrared analyzer, model 15A, 
wa_p used to measure CO2 uptake and evolution. A continuous record of 
gas exchange was obtained with an Ester line-Angus R e ctigraph recorder. 
Chamber temperature was maintained at 20 ± 1 ° C; light intensity wa s 
held at 2500 foot-candles during measurements of._n et photosynthesis, 
and respiration was m e asured in the dark by placement of black photo-
graphic cloth around the chamber. Gross photosynthesis w as obtained 
by adding dark respiration to net photosynthesis. 
At the completion of photosynthesis - respiration m e asureme nts, fresh 
weights of sho ot, needles, stem and roots were determined . Dry .weight 
measurements were taken after the seedling parts were dried for 24 hrs 
at 70° C. Needles then were ground in a Wiley mill to pass 20 m1{sh and 
were analyzed for nitrogen with the Kjeldahl method (Dykstra 1966). 
Data were programmed and calculations made at the Iowa State Uni-
versity Computation Center. Orthogonal coeffi cients were calculated, 
as suggested by Dr. Foster Cady of the S tati stical Laboratory, Iowa 
State University, to partition sums of squar es for the unequally spaced 
nitrogen levels into linear and quadratic terms. Duncan's multiple'range 
test was used to compare provenance means (Duncan 1955 ). 
Table 3. Means of photoiynthesis and respiration of 9-rnonth-old Scotch pine seedlings in relation 
to provenance. 
Gross Net 
Provenance Photosynthesis Respiration Photosynthesis 
Per Seedling - Mg. CO2 Per Hour 
USSR (217) 20;261 
Finland (208) 20.33 
4. 781 15.481 
5.63 14. 71 
Bulgaria (218) 33.88 
Poland (216) 44.04 
9.051 24.82 
10.94 33.10 
Per Gram Fresh Weight of Needles - Mg. CO2 Per Hour 
Poland (216) 3.211 
Bulgaria (218) 3.25 
o. 791 2.421 
0.841 2.40 
USSR (217) 3. 981 
Finland (208) 4.28 
0.881 3. 101 
1.18 3. 10 
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RESULTS 
Photosynthesis and respiration of 9-month-old Scotch pine seedlings 
were affected by provenance and nitrogen (Table 2). Gross and net 
photosynthesis per seedling of the provenances from Finland and the 
USSR, seed origins 60 ° and 57 ° N latitude, were less than gross and net 
photosynthesis per seedling of the provenances from Bulgaria and Poland, 
seed origins 42 ° and 54° N latitude; and photosynthesis of the provenance 
from Poland was greater than photosynthesis of the provenance from 
Bulgaria. Respiration per seedling of the provenances from Poland and 
Bulgaria was greater than respiration per seedling of the prove nances 
from Finland and the USSR. Gross and net photosynthesis per gram fresh 
weight of n e edles of the provenances from Finland and the USSR were 
greater than gross and net photosynthesis per gram fresh weight of 
needles of the provenances from Poland and Bulgaria. Respiration per 
gram fr esh w e i ght o f n ee dle s was greater for the Finland than for the 
t h ree othe r p ro venanc e s (Table 3). 
Gross and net photos ynthes i s per s eedling increased with incr e ased 
n itrogen fr om 25 ppm to appr oximat ely 300 ppm and then decr e as e d with 
incre as e d nitroge n up to 500 ppm (Fig. 1 ). However, mean square for 
lack of fit of gros s photo synthe sis per seedling also was significant at 
the 5% level (Table 2). Res piration per seedling increased with increased 
nitrogen from 25 ppm to 500 ppm. Gross photosynthesis per gram fresh 
we ight of n ee dle s d e creas ed with increased nitrogen from 25 ppm to ap-
proximately 300 ppm and then increased slightly from 300 ppm to 500 
ppm. Net photosynthesis per gram fresh weight of needles decreased 
with incre ase d nitrogen fr om 25 ppm to approximately 400 ppm and then 
did not change from 400 ppm to 500 ppm. Respiration per gram fresh 
weight of nee dles did not vary among nitrogen levels. Differences in 
photosynthesis and respiration among provenances and nitrogen levels 
were not significant on a dry weight of needles basis. 
Growth and foliar nitrogen were affected by provenance and nitrogen 
(Table 4). Shoot, root, stem, needle and total fresh and dry weight growth 
of the provenances from Poland and Bulgaria was greater than growth of 
the·provenances from Finland and the USSR (Table 5). Fresh and dry 
weight root-shoot ratios of the provenances from the USSR and Finland, 
in general, were greater than root - shoot ratios of the provenances from 
Poland and Bulgaria . Height of the provenances from Finland and the 
USSR was less than height of the provenances from Bulgaria and Poland, 
and height of the provenance from Poland was greater than height of the 
provenance from Bulgaria . Foliar nitrogen, as percentage of dry weight 
of needles, was greater in the provenance from the USSR than in the 
three other provenances (Table 6) . H owever, the provenance with the 
greatest total dry weight of needles, P oland, also had the greatest total 
nitrogen. Highest rates of photosynthesis and respiration per seedling 
were obtained from provenances with the greatest growth. However, 
highest rates of photosynthesis and respiration per gram fresh weight of 
needles were obtained from provenances with the least growth . 
Fresh weight of roots did not va ry among nitrogen levels . Dry weight 
of needles increased with an increase in nitrogen from 25 to 500, ppm. 
Fresh and dry weight of all other seedling parts i n c r eased with increased 
Table 2. >Mean squares from the analyses of variance of photosynthesis and respiration -of 9-month-old 
Scotch pine seedlings. 
Nitro~en 
Provenance Error A Total N p X N Error B 
Source d.f. 3 15 4 Linear Quadratic Lack of 12 80 
Fit 
( 1) ( 1) ( 2) 
Gross photosyn- 3, 999.14;'<1( 229.58 641.07** 903. 29* 7 39 .49·k 460.75* 157.79 147 .12 
thesis per seed-
ling 
Respiration per 251. 21*'>'( 27.44 72.69** 207.47** 18. 93 0.69 20. 72 12.06 
seedling 
Net photosynthe- 2,269 o 03·k* 140. 7 5 351.64* 386.21 522.32* 249.01 93.73 112. 63 
sis per seedling 
Gross photosyn- 8.61** 1.48 11. 24** 26.70** 12.09;b'< 3.09 1.41 1.56 
thesis per gram 
fresh weight of · 
needles 
Respiration per 0.92·k 0.26 0.47 - 0.16 o. 24 
gram fresh weight 
of needles 
Net photosynthe- 4.78* 1.24 8.12*'>'( 22.6bb'< 5.6 3 2.11 1.27 1.76 
sis per gram 
fresh weight of 
needles 
* Significant at 5% level, 
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Figure 1. Photosynthesis and respiration per seedling (A) and per gram 
fresh weight of needles (B) of 9-month- o ld pine se e dlings irl relation 
to nitrogen. 
Table 4 . Mean squ ares from the analyses of variance of growth and foliar nitrogen of 9-month - old Scotch pine seedlings . 
Nitrogen 
Proven ance Error A To t al N p X N Error 
So ur ce d . f. 3 15 4 Linear Quadratic Lack of Fit 12 80 
( 1) (1) ( 2) 
Fres h We i g ht 
Needles 718 . 54-Jd, 44 .1 1 16 2 . 13-:-,•, 488 . lS;'d, 10s .07 -1, 26 . 23 42 . 5 1 23 . 57 
S t em 211. 78-Jd, 14 . 73-:d, 33 . 53;'.;', 49 . 35M, 63 . 46-Jd, 10 . 61 14 . 38;'d, 5 . 35 
Shoot 1,6 39 . 33-:.,-, 99 . 016 315 . 95;'d, 803 . 52;b'c 3 13 . 58;b', 73 . 36 87 . 56;', 42 . 88 
Roo t s 1,055 . 41,·, -:, 107 . 46 93 . 43 60 . 02 51. 55 
Tot a l 5 , 30 7 • 7 3-:,-:, 404 . 85 696 . 74,•,-1, 1,242 . 74-Jd, 939 _7 5,·, 302 . 42 270 . 04 17 3 . 11 
Dry Weight 
Needles 55 . 62;b', 4 . 72 15 . 94-1.;'r 35 . 54,b', 9 . 92 9. 15,·, 4 . 82 2. 6 3 
St em 13 . 06;'.;', 1.13 2 • 59;'d, 3.06-Jd, 4 . 33;'d, 1, 49-:, 0 . 69 0 . 40 
Shoot 121. 84 , . .,., 10 . 24 30 ,67-Jd, 59 . 4 7,.,,., 27. 35,•, 17. 92-1, 8 . 56 4 .5 3 
Root s 20 . 4 7;'d, 2 . 20 4.65-Jd, 9 .12,'d, 5 . 32,·, 2 . 08 1. 4 1 o . 92 
To t al 240 . s7,·,·:, 21. 31 59.oo-:-,•, 115 . 16;'n', 56 . so,·, 16.00 16 . 53 8 . 9 1 
Roo t-Shoo t Ra tio 
Fr e sh We i ght 2 , 76;'d, 0 . 10 2 . 41,·,-1, 5 . 95,,,,., 3 . 25-:,-:, 0,22 0.11 0 . 16 
Dr y We i ght 0. 19-Jd, 0.03 O. lOM, o . 12-:, 0 .16;', 0.07 0 .0 2 0.0 3 
lleight 789 . 72-:.,·, 18 . 81 78 ,89-Jn', 117 .60-1, 166 . 77,·,* 18 . 11 13.84 17 . 50 
Fo li ar Ni tr ogen 0,97 -:.,-, 0.13 o . 51,·,-:, 1. 53;'d, 0 .16 0.18 0 . 14 0,1 2 
- Significant at 5% l eve l. 





















Table 5. ::a;;o~!n!:~=~1and dry weight growth of 9-month-old Scotch pine seedlings in relation 
Provenance Shoot Roots Stem Needles Total 
Fresh Weight - Grams CJ) 
0 




USSR (217) 7. 73 11.07 2.01 5.69 18.80 ~ 
,:j 
Bulgaria (218) 18.051 20.091 6.041 12.021 38.141 
H z 
M 
Poland (216) 21. 70 21.40 6.71 15.32 43.10 CJ) 
M 
Dry Weight - Grams M t1 
I:""' 
Finland (208) 2.361 1.441 0.521 1.841 3.801 
H z 
C) 
USSR (217) 2.82 1.64 0.68 2.14 4.46 
CJ) 
Bulgaria (218) 5.571 2.951 1.681 3.891 8.511 
Poland (216) 6.45 2.98 1. 79 4.66 9.42 
1Means gr.9-:\_lped by _,~ line clo not differ at the 5% ·tevel. 
.i:,. 
'° u, 
Table 6. Means of height, foliar nitrogen and root-shoot ratios of 9-month-old Scotch pine seedlings 
in relation to provenance. 1 
Provenance Fresh Weight Dry Wei ght 
Root-Shoot Ratio Root-Shoot Ratio 
Poland (216) 1.091 0.49 I 
Bulgari a (218) 1. 20 0. 571 
Finland (208) 
1. 61 1 0.651 
USSR (217) 1. 70 0.67 
Provenance Hei ght - Cm Foliar Nitrogen - Percentage 
Dry Weight of Needles 
USSR (2.17) 11. 601 2.86 
Finland (208) 10.02 2 . 571 
Bulgaria (218) 15.90 2.43 
Poland (216) 21. 55 2.56 
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nitrogen up to approximately 350 ppm and gave no additional response 
with increased nitro gen up to 500. ppm (Fig. 2). However, mean squares 
for lack of fit of dry weight of needles, stem and shoot also were signi-
ficant at the 5% level (Table 4). Fresh and dry weight root-shoot ratios , 
greatest at the lowest nitrogen le vel , decreased with increased nitrogen 
from 25 ppm to 250 ppm and increased slightly w ith increased nitrogen 
from 250 ppm to 500 ppm. Height increased rapidly from 25 ppm to ap-
proximately 250 ppm, increased slightly from 250 ppm to approximate ly 
325 ppm and decreased w ith increased nitrogen up to 500 ppm. Foliar 
nitrogen , as p erce ntage of dry weight of needl e s, increased over the 
enti r e range of sand culture nitrogen (Fig. 3 ). 
In the provenances from the USSR and Finland, more of the total as-
similate, on a fresh weight basis, w as found in the roots than in the 
shoot; in the provenances from Bulgaria and Poland, distribution of as-
similate between roots and shoot w as a bout equal. On a dry weight basis, 
more of the total assimilate w as found in the shoot than in the roots for 
all provenances, but relatively more was found in the roots and less in 
the shoot for the provenances from Finland and the USSR as compared 
with the provenances from Bulgaria and Poland. 
On a fresh weight basis, percentage of assimilate increased inneedles 
and shoot and d e cre as e d in roots with an increas e in nitrogen from 25 
ppm to 500 ppm. A similar tr e nd w as obtained on a dry weight basis, 
though not as pronounced. 
DISCUSSION 
Photosynthesis, respiration, growth and distribution of assimilate of 
9-month-old Scotch pine seedlings vary among provenances ranging from 
Bulgaria to Finland. Differences in photo synthesis and respiration among 
provenances were related to seedling size and efficie ncy (photosynthes is 
or respiration per gram fresh weight of needles). The greater fresh 
weight of needles produced by the provenances from Poland and Bulgaria 
over the provenances from Finland and the USSR probably accounts for 
the differences in photosynthesis and r e spiration on a per s ee dling basis. 
Similar results were found by Gatherum ( 1965) with aspen-poplar hybrid, 
and McGregor ~t ~- ( 1961) with loblolly pine. On the basis of fresh 
weight of needles, the greater photosynthetic efficiency of the prove -
nances from Finland and the USSR, as compared with the provenances 
from P oland and Bulgaria, may be related to a greater productioq of 
nonphotosynthetic tissue in the larger needle s of the provenances fr om 
Poland and Bulgaria. Moreover, the vertical, overhead orientation of 
the light source in the controlled - environment chamber may ha ve re-
sulted in greater mutual shading of needles of the larger se e dlings from 
Poland and Bulgaria as compar e d with the smaller seedlings from Fin-
land and the USSR, with a consequent reduction in photosynthesis per 
gram fresh weight of needles. 
Photosynthesis, respiration and fresh weight growth of 9-month-old 
Scotch pine seedlings are related to latitude of seed origin. Photo -
synthesis and respiration per seedling and fresh weight growth, gr e atest 
from seed origins of 42 ° and 54° N latitude, decreased sharply with 
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Figure 2. Effect of nitrogen l evel on fresh weight (A) and dry weight (B) 
of 9-month-old Scotch pine seedlings. 
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Figure 3. Effect of nitrogen level on root-shoot ratio (A), height (B), 
and foliar nitrogen ( C) of 9-month-old Scotch pine seedlings. 
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increased latitudinal origin from 57° to 60 °. Ph otosynthe sis and r e spira-
tion per gram fresh weight of needle s, lowest from s ee d origins o f 42° 
and 54° N latitude, increased with increased latitudinal o r i gin from 54 ° 
to 60°. Langlet (1959), McGregor !;t '!1· (1961) and others have indicated 
a close r e lationship between lati t ude and photope riod. In this study, 
maximum photosynthe sis and respiration p e r s ee dling and maximum 
growth were obtained from the e ast c e ntral Eur o p e an s e ed origins grown 
under a daylength (16 hours) approx imately the same as max imum photo-
periods indigenous to the latitud e s of thes e s ee d origins. Additional 
controlled-environment studie s now should b e conducte d at photope riods 
indig e nous to the se e d origins from 42 ° to 60° N l atitude to obtain a mor e 
complete understanding of physiolo gical var iation as re late d to origin. 
The greater growth of the e ast c e ntral E ur opean provenances ove r the 
northern European provenances c orroborates the wo rk of J e ns e n and 
Gatherum (1964, 1965), Wright and Baldwi n (19 56 , 1957), and Wright and 
Bull (1963). Perhaps the gr e ate r ro ot-shoot rat i o s of t h e pro venances 
from Finland and the USSR ar e an a d apti ve mechanism of e cological im-
portance where physiological dr yn e ss a n d sho rter growin g seasons ar e 
common. The greate r foliar n i t r ogen, o n a perce nta ge dry weight of 
needles basis, of the provenance s ma kin g t h e leas t g r owth, the USSR and 
Finland, probably can be explained as a dilution e ffe ct. The gre at e r total 
nitrogen content of the provenances from Poland and Bulgaria is related 
to the greater total dry weight of needle s. 
Photosynthesis, respiration, growth and distribution of assimilate of 
9-month-old Scotch pine seedlings vary among sand culture nitrogen 
l evels from 25 to 500 ppm. Difference s in photosynthesis were related 
to seedling size and e fficiency, and differences in respiration were re-
lated to seedling size. Greatest rates of photosynthesis per s e edling 
occurred at the nitrogen levels producing the gr e ate st fresh weight of 
needles; conversely, on a per gram fresh weight of needles basis, mini-
mum rates of photosynthesis occurred at the nitrogen levels producing 
the greatest fresh weight of needles. Again, this reversal may be related 
to an increased synthesis of nonphotosynthetic tissue at the nitrogen levels 
producing the greatest fresh weight of needles. The increase in respira-
tion per seedling with an increase in nitrogen from 25 to 500 ppm may be 
related to the increase of foliar nitrogen content. Perhaps the increase 
in foliar nitrogen resulted in an increase in the synthesis of organic 
nitrogen with a consequent increase in respiration. 
Within the levels of sand culture nitrogen from 25 ppm to 500 ppm, 
patterns of growth of 9-month-old Scotch pine seedlings include optimum, 
luxury consumption and toxicity responses. Dry weight of needles and 
foliar nitrogen increased with nitrogen from 25 ppm to 500 ppm. Fresh 
and dry weight of all 0th.er seedling parts, except fresh weight of roots, 
exhibited an optimum response to nitrogen from 25 ppm to approximately 
200 ppm and a luxury consumption response from 200 ppm to 500 ppm. 
Height exhibited an optimum response to nitrogen from 25 ppm to ap-
proximately 200 ppm, a luxury consumption response from 200 ppm to 
325 ppm and a toxicity response from 325 ppm to 500 ppm. 
Root-shoot ratios of 9-month-old Scotch pine seedlings are highest at 
low nitrogen supplies and decrease with increased nitrogen. Inasmuch 
as root growth, on a fresh weight basis, did not vary among nitrogen 
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levels, the differe nce w as caused by increa sed shoot growth with in-
creased nitrogen supply. This response of root-shoot ratios to nitrogen 
corroborates the competitive correlation between roots and shoot for 
nitrogen and carbohydrates as suggested by Loomis ( 1952) and Black 
(1957). Root-shoot ratio response was t h e same on a dry weight basis 
though both root and shoot growth vari ed among nitrogen lev,els. 
In this controlled - environment study , the marked variation in photo-
synthesis, respiration, growth and distribution of assimilate among 
provenances and nitrogen levels indicates that differences exist in 
physiological proce ss es that underlie vigor and quality of variants w ithin 
Scotch pine; therefore, additional studies of physiological variation in 
r e lation to genetic and envi ronme n t a 1 factors will help to explain the 
causes of variation in vigo r and quality of Scotch pine. 
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